


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1989-12 


Nucleate pool boiling performance of finned 
and high flux tube bundles in R-114/oil mixtures 


Akcasayar, Nezih 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/27168 


Downloaded from NPS Archive: Calhoun 


: Calhoun is the Naval Postgraduate School's public access digital repository for 
/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

; | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 










































—_ : iran 2 ere 
eo Pe Ky oat basi 
a agg ek oe 4,2 Reads meee ea ee 434 
< a a Oe, apt wes 9S, Wh in, “gee? a 
ios eee oe en aie! ieee Rapa orag OS r 
~ é aie pac” = = Ps a f Saete ¢ 7a 15 ye Thay hss Tika er nits 
2k ua 2 73 : $2. ; tt 2 
un lr are ate Wel atl stone ¥ ‘7 ae levy ea aN ate, sa ii tery ert 
i » ° te a Gq ate, ax s ‘ aa 'é .. “a, a leteh , ae ea le 
% eat ibe 1 ve i “, eu ea 3 ; x tes ie ' H fiat ee ose 343 <.* ve Saher Bee 4 
. ; ; ‘5 ™ he op Pee " "a gat Se As q +r a 1¢ ae ‘g ts Fe i 
7] 2a rae ae i er A i. Puke pe é ea] 4s ? ? Sy y Pp, ale ve dupa 
: *% ' re ee ‘ae. @ 5 ae Pe a ott Wes ele "a pat OF ey Cae ' 
ia : i ' : ' neta ee: s ae meee ‘ an ; "4 4 ae i 2 if ee, ' wee" we tity tu siteaiyugl 1 Pie See eae 
. 8 ey J Ms . ae) AC ,b 34, ‘mie l x 
soe er Progra hh i H : oe ae al eet ; , as r rs 7 3 * & ‘ ma ae ‘ ea eon Bo Se Ce fatal se 
E ' eri tr ete ae sa a ee rer a Se A See i ate tes ae My ; *¢ ret “eed. ae Set Peet eis, 
. aida ere ay le ae eA, a ie he es 4% yte eras) 1 ef Spike Sey hat, Pat hel fier gh 
’ . oh we, = aR any 20 s 4 Sze, § Sag S'e' gst y fires 
Cah au ines ay aie ! ? : 4, j we % a * aly . w'a ae eb: 5 Ra ath DY Ns oy; 
ee ” : e fe ay? id 7 geen tate irre AA - Maat @o “EE pnd "AR, Sy ae s by D 7 m4 
_ ” Ae 4 ofi'hs sn Le ; ’ ; & aT eo oy a P . “ y hee ee Ps tine i hades ae a Ot ee 
¥ 3 Pas 1 S34 r zeta 3 Seq ee'd A eee Loses ee a, te: big mas 
* a . at i 4 ot, * « "2 @e gee4 vdeo, sh % s*-ad Syatay 4 ; be “ 
Pepe. y ieee ae ¢ oat Par . A Pate. , Se t2 varnee oy oe, A 5% 5 #8 1, the: 2 ‘aidsah 
: — i ne, 1 Isy wa + * oie ad a 8 e y +0 hie A “4 704 &"G * ain 4:8 yee ; 
ras ae ag ee PS ne tetat nd . pert ““p ary Sista Silat ai Enon ake a. 2 RRTORD ne, eae pak A of 
. 7 rece Bw . F Ton Pat ' . abo fe" gs = “4 ue: Ne Soe oe 4 ai "ey : ri 
l Sei Serta re en " _. Meta ‘ ees ety gtr ey tet ig ay / 2 a heey Ba, Ota ie ayt Cok ca PA hia 
' Ri : Qh? be PP er iL a a 4 hy toe rod = at iets “ie ote ms ry a a w'd-0 6 ey “So ' Midis Ht “a8 ay 
a ee 1 i [peal ees s v dal "*# @ 4. od ine, te a0 9 8 Ut, “< *o wy 2 3. m vay uf“ 3 t 5 6% & 
om pa 2 . 4 a : sige *{ ue vy i nah A ad vs ; Fug she fH ig “eg t +e? i er te x ap Md esas as yy ae ‘ 
. wl i er a Cie, i ioe “1 go’ tle f tho 8 » Poet "y =% "4, in ee 4 w 224 len wie = Se rah tol Sie 24 ef pot dere? 3 . 
. en / : Lp rae Bre ‘s ue % wae ont te of a " i Ig of os Zaks a i ' 6A ooh r. AL ato tM 4 PR vi Rapes ast ita v2 a 
. . pe" a hy *"  4£-% : wis CTF ene caf 1 e* ‘ Che ' | ee hi Qa fs ® Be* es i hege ‘ ‘ 
" " is it Be eter ah ot a mat Si le, ee a ay, L oie tte 124% ena ob tee, ee ej I oe 0 adsany yy ‘a AD de ae sae) ofa saa ooh et 
1 . oe 1 ee oa . vente Fam ters 4 Hae oe ar. Py Wi & pies ne ea " A> Pe erably 46 +] see Tel Pee Saas 14 v 
< "os Th if, a, 1 ete wi felt = , t: wae, ' 5 av wad zi 
es , ' ; - EA ‘a oth oY ah fi Saya " a . aye j . oe P vd fae rats © oa a ' ; : “y, ‘6 DEN ME etas i i, Wades * 2 aay 7 ania y raise bastion ty eee 
oe to ya i eoeets Setback, aac tat at Te at bey Aivecmmied, J) ee Ry Pee edt eis figs’ * 
; I A - ae as ad | he en wa Ne ha eae mr we yep they 4 "thie aan d, re seg! ee ae 5 is aia S SL ea 41h. ae 
. ig . : ees = eee Wea ae ba ree ar ere ae th te tang “, t bs ee | ‘ae. at “4 Bee WAP tb wile ® Uae’ ala 
ee ae ity ot wee BN a nia Se ae ges Bete, ay Theda, SNS Cece ta gente eae aD ae ed oie pation pe 
. . on 1 hry ' “ae 4s aewae = A ” i ve ' ro o Eas Dan a me ta Hee fh . aT Kh ‘date ae 4 
' . J poe peed | .¢ ‘ eal & 4 et ry é¢G@e le a ae " © 6attete 5 dd I] i 7 SA 4’, A's a faa i a! ie at beg 4 
¥ . 4 . hk o i ei Pi aNeO inir’ nn i ae * ae n ee wi york a er in _ > ‘ALL hs viet, Peaks ray i eee sta nt ‘Saye he we. eke pines pee a 
Leen | . ' I. meet , rie Qs Ct? é a e,petp 4 te 3 i a ry; “* tage, 44 ery Mas x. 8 Gq ryt 2 ges Ad gid ia 
: ‘ gt ' : we oie oon For 778 The pe fs ie * f* Gu WOE eae hee’ vue fee et Et vtmn 4:52 @ “a fis ag ke even . vet tof “ fet’ « “2 0 neha 
a cae ee m4 ne a Pree ates 2s ae 3 ‘ wees fey Qi fas i da 's Me Sia a’ ¢ Late? tiara ew 22144, “98 Oh! Ki ae Paap 
ne Te ets Cad Wee aS es es . tos CU ‘ah 4a . a SUR HOO AC “54 a “2 & Ve we ‘3 aad % & Were 2.0 ubeNyeiae oF 2 oh 
“6 ’ 1 1 = ee tena . cas ote Nes a ee “oy ew A Pree bee? Oy re ahs se eree “SA “eel ny af sey! Cheiestents : Peas pa see ‘eres fi 
7 eae eel NL SPA ats or ae ee, a SeGOSe wade aoe J ht «a 2 Alen the tS fa 8° Tas 2 Rae: te fi WA Sis, f bose : i a td od pep 
te o4 Berrie © tn ty are ou Se oy Dew Wars ‘ ey Pe "8 tthe Sates hit Ate ow ante gt “~é be dy ete é a See te FS ey 
' . P on, tot, o . Aw Ty : ay 4 teva e's Lae Sin'oe &. “a be As m = h > 5 te a4 '¢ 
‘ . yae an i mee 1 ear shan crore “7 ae ary, Me ; gn AOS i*e st ernie ag tte PEK, 4¢ tii, Cone agian tie Rare nike feng gn hve 
7 e ' . ' 5 < oa : > a" ‘, °¥.. ; 
7 : fs ee 1 a ar t eyes ' ’, " a “Aq " - nae satiate wa 8 ‘ eee 28 Phe 1 ee og al vies 4 Ig: ry? ws Stee 28%. % Meet > Bid ted pe ge Sess i fw "tei 2? 
; ae y a's Ae ve then i Pte a are pete eng ry we! : ; oven Aer ee se % JN? aé - a yy Pat Be aaa a 3 gree FT ay ip A 5a aor pees rE 
. A . mee ' ton F i tee ete mace a ey ones =, f ae ems Frit > os ses i see’ § awa < "2h e art tre toy é 
' ‘ aes ' ae "E% 8 & tin tee My re sorbint Ap 1 fin # eae 8 te U5 fale 2 st felhe t lah At =. ee fm ah idee aac tate 
' ‘ sale ZF >. ? 2 , wee le = an i ar a 1 Ae a 7 a Main t dig te : : “ai ee Ba ae i suite & res | Pha see act. ae congier aaehsah de Snwiee = tan 
ais . me anes o" 98, : wegtet ok i” WA) ae : wigs Ha Bata oe! Thee Bhs “Ty te eal? s fe" Hie. a SaatAe eg te | ee Bes 
uy ae ' by vat Tee's sf : acco cae eatuis t Chic, 2 t. tap ot 4 se Ve biel 2F j ate * Ss & Walt at olaiits ie Priaad Mas Siaete! 
in e.g Pas ‘ a . $ H = ae Uap . Pre a ee Geer a4 do fe uly? on oth Seer tigate “a! & a Tapas hes, eA oa das Orie Va | a han 
» ° . : e A a \* tte | . 
ets fat : oe A Naren ater: ue = este? Sigehee a Je F; a } ey LY 14 aot ff Dares! . peas a yong ashes “yh oh hice ay eg i ahaa Bice ta tt Ae pate sista ets 
‘ nara Lae Cheeerm eta eee ru eter hater ‘ ‘of aN mree Fst tG #4 22% ule ek 14 haem NN, Abt od inet yr ie 
tarts ate nse eae ote eens: Dineen pnhty ap ele Ft ks Hi tet “pe le gt cae “A a; het yh fe earn ot Nef er Ae hid wes a ry! BLE) 
Aer 1”. sore ; ork 1 ' gt iinrnela : a ne Pa ot ee ales. 2 of oth, sty rete lf abril leR 1, igi Set 
ons i je +3 aT ey . ss ad os 2 Re by a % 3 Vase” » é atige $ + *24o., ityls "z. a Yen “é ris al . Fh od nga 4d moe bein! 
’ Sones er ie ee i eaneeael ah Wipe: Sete i pinta hs aie eet 2 ie Sar * eee Ag "eZ Ohelvtn Reset, 27a IS le a ab al ads nil er eee neces 
4 . . 4) tt ; . Pu pe, a wt OL ae o? 5 | oh 0 otldy @ a’¢ °7 od a leja alee ates bee tats Ad ea" he a3 Lah te a 
t eres 'y . ' Fi =. As So e 4 ane ty © my ' nt de’ ye aur 4M * PAs ary 4 hae a | a, # ayia a4. shy ata ate J Cite 0 
rie een : a : Sisee ’ 4b 'p de a ae foes I ay! aes Tits ee ee a ee Se | “U's 2 ti Y oO = Bang : Bit ashe Age ay "43 ote 44 See th 
' : ‘ 1 seucgr ene - We a Toes 5 ; oo i ora ate ey ny” bon aa t+," aa eh “he De { net ao ial ty oe dete >y ae nap east Bi ffin ue Er ri tite 
. . 1 e . s he A ° <f te be@g hy "F508 af as Dee & 4 Meee 7 . 1 a Be J 442) aed Vat e 40H 
Nasi ht tne avi daa. Tar ea tee! Ba a a Ra eat er Sates Hikes, 2 iy cialis Sd a aiiad oes Petar “sophie | 
5 a ; . 2 brik ths . “ere 3 e z . 
ee " ar noe Te Sit he | eee Mates pio aceay Ry Kaen Adtelhe ns Migs set cd teh att G2 hades Bard aeoh jiictes gh “wor¥ 
ha ube ' é e ' nee qf hw as ie H AO ae ita e he wel sha vu iat tel oe ies rp ont Sry dod Ieee 2 patie S oet tf yea, pe $ Snes 43 HS Biperta ee ie tae way ae rr le 
‘ ? Dials 1 Heit SUS D ya * wm dia% t,7h ot & C34 Be} bts" a t, ein Carey ad af. 
a ‘ "See ' at cas , er asi ara x se al Ate (be Yee at eS pa tetd | tata : 2, uve! fatty hh tah va ip one at ant of i us nam pease Paden 4 
. we ' ; a ee an? ae, a att og ' ap cereus Aa} “se ; vu aly Palais oP aie ree Dee} ofa vi wn “ate ou sare: Bs te oss a Mis ie 24% f “3-5 ’ 
' aie Cli | ' ‘ ft iz 7 A 7, Cd oh 4 . g : 5 inf . { is i coee v os +. geen ta ace Say 4. hd te’ Ad %,* ds a an 4 re ae ae TG 4 3 $35 sees Hi Se ae 
1 1 2 roofed SAID e . eo: 7.8 mag ee ig tata ts “iit a8 ot MM bp Baars ot Pht Aye "%, eee Benen ¢ 2, 
+ 5 * . areca % 4 ceo JE Se Sy. Bi redial he t6 Vata’ ¢4 s S1bM. gungaen feta 7 ‘Setacte leet . swat ‘ 
. 1 : 1 7 "lee 4 wat afre oly Preece, e°as eh Eo Syn wt ore ? ed my os nat 
i , : : “Tees” gabe ens io "ngs F.°; x. ms te i Rae ae Or tyes it yf y ae 
te es 5 au") ' rr oom, ee ait we 8 ay 4,4 a ae es ns ahaha 7 
. . ea aa ~ te S90? alga, Heer A baie teeye tenn ryae 
‘i ' 7 aha “ : @%aon s epi jt AP alos ? Z Be Mat 
‘ “oe fas pee ul 
er ' : . ae Vtyat * vt Me 
te * 
' ea “tre 
. =, 
. bad A 
' F if ry ' 
‘ ‘ 1 i a r 
oe \ 


ye, f +“ ay “sean en! sui Cate Hae 
Wah ® OA atm ott, ‘ 
ce ae I Y Se te re ete a Baht’ binge 
od 20 1 are *y a8 i Ages a tn A, 
‘ ' a 
oe i vaee Met? atte ay 
a td' 1 

or wea 4 

1 













ta 
ise fos ae ee 
snes Seite 
nem ‘al, 334 hd an ‘ah a L ie Sears 7 
‘ ? # . a fe 
a $F “se iG7A ga oa ¢ at rE H RA 
Nife'A. glee "eg eee. eats ot ae pede eee ihe wear 4) ogo tine rH ih 
cress ote ante rd mae ra Be oe caat wef Sis ‘aieriene ioe ge eae res Sr 
* ental hades aves ese Sik Pre el ed co Nyete bide ate 4,4 $34 ‘: “4! os wat Ne Mis vet, $i0 Po 
aly 4%) otatn® pu Tee! os an 3 C “18S tog tof f SGiUASaSe EAs Pik AAS £6 Lite 
shone OES NaS sige gtd hme sSatight to a! “gaa oa aR Bierkon) pie athe aaa 
Sa os . 1% i< a’ ' % Aw ; pi z a2f4ia ; he ti4ue? Bec 
ant ul i : os ey soo *y mts a eM staan ae hed “eRe a yen = serie Wes o. 
-, A vet 4 nile Par} it al arte bette as eietn AF Le 
"| eiater cee Br te 2 vi eced ree nw ne : 
te if OTe wer ton erage 
’ 

Lf a 
1 
1 

' 
’ 


CTT Ach Oe 
Wi"§ egy te ree a, 
4 3,5 i ut yr ey *: hea ae { oe! ee jatikn te a Oa stik Les 
reese. be e 881 erondgt, ‘* ey cath ser 
tion Mt Se mt ear alt oe opt hia, net oy 
od ey ee 
oer 

rate 


eth pd wey Ad fm! 
obese’ nl a3 
Da a Ree: 


Fay: Cae Araby? 
s3 
ghia’ 4 tet stl 














ie 
i reat 
Pel A fie. i 
. Fines ese ' re a7 gt Ath Ay 
. . <7 "WD aly" Seen ta7bca hha \ $ <7 eee a Bork 1,8 
"17s a Mt Nee tase Ar teat 
é ¥205T Go ty tr Ake 
a ek BOE 08 Fy Vids? te 
‘ H Seema! g Z Par 
' ee) ste thie sede wth CO ot 
wa! oe * . 
"Sa wet 1@ 
Ue bd “ ; 


3 ce ox 
1 wits ££ vy a Se bls 
e 

ani esl! “at ye folks 
Pr i 


may 
i ed ee 
Oe Las hl hat 


* 
™ 
seit! Veyron tet Weel 44: 


a 


i 
toeae Tethtats etcab eth 
ss he Hie 5 brand 42 


iv; 
ee: 

v + oa 

ae ata F ade" 

“ eee f Fybihectae stat. eet 

aT 

% ee Stee 

ee 


aS pee 












































oa = 
= fied. : : caf eee 
: ie? . ce =; ‘ 
“dt ae = rey esi at oa bebe tk eeds 4 
PZ digit ‘G! (BTS, o Re =. 
os $3e¢ mea 
ra ae rT Case Becca adit ie, ta inept 
on Jaf ast g. a 
rf wratite. is £8 "hg ata, Beige att ade ites tected pina 
spi, Pande Be tad yt Mat dat te eX fh sate ota Te renee foes ee. 
tale fa? 21te" = yale? sae eyites. Sema os ciety APH aid Adee Reeve irl as 
SARE alien ua < ff ae pet etao, Hk " nhs fetes? ne gt +, “fs , ee cf ages: dl deh | eee WGdtae bed RRL 
Rear Urine "aps eS ot ae ie RS eo vigraga Eh Gace fees Mag ph eis taba Hed te ts 
aan war aay as A tinal ca erates yu % sae Z cari Yin | tagat eit sedinyt gs ) vad, y Gaerne ace rary a3 a Tere 
“eh eat Bees ee es yen at ytd lip TRE estee og ee senate ae gn yan? Tee en tron er: “ht aca Arges pe oo reg rete 
17hy nLaeh it, eaatyas 5 ; “ at. a bagutly aAe setae ,* ris Be 24a? ? Series 3. Wty eels fe Hate bdns nf arte Xt Suen 16. 2 FA Be hbo 
1 ! Des B£77 asa! a Ryha = tn 4 ofued 1 eek, * Per beitg re bs whe! W Ld y Poth a8 bea? dese MM F220 
eat ae ese snag chaeepy reheat! ROR Roe Ses pectin ae encit sens tai hare 
. rep poe OS) ae Oo tata its We i tals Papetety dite ‘ ‘Stang nigh « ar seit hy b1 Be ath Fig 4 w AL aASS oy 
weg agi Aretha Vatazane fem ber ‘i 8? Aci thats Si, Sgth “hr elit oo Aa Pee ihn Webs ec 
aR TCC OM a Sarees ttbdye 2 Seats Shee ME Patt wit atin AS Pe Gee Nie irgetta jot a a 
a eae hig fast ee Crary pied” ne YER ve Gattis ve ie tadiaite ene br Ae ores 
ee Ae ay ‘aia got Te aes frnNed OR hep eet : fry “Etec fe eg SYawn se Pe Cees feet rt eateié 
1 sere Fo ‘ 3" a ae Sines "S * Tey 2? hie 7 oe dhe ok ars = 240d & *5, Tey! 12 nme SME boas 
: Goat Se s¢ as ' $3 at ded ann gr fees f PT ee, a) Zan ae Phat Peeks ZAR See Siatatne eRe Pim 8c 
ae ee Brit tea Aes vata: abet, ME Sats RY ees sight Sat Sonate aceye anise seisucs ar ttgods 
. fi "e nee baer 1: tae «a at a te : - et ne fetsty ety dae WF . tet: se ont ys 7a i ‘ aes ines ee tate Sees WBN reac 
“8 ee " mt ene t “1 €"* « Paty" qn3 t-te "te sofas : eter tn, a1 sBris ra + = fi fe a Ts4boe. ‘ 
40 4 5 a “a ee ls 5 14" ets east Hy ibe ta is vwafh’ . tthe ? thetad 
ate fe a8 @ ri ays f. tala °An stay <r So Int esa ie “ if Bate ak ei x tte adn weet, ft 2 eS ! Sri 2 5 ei g ra 32h 4 fa; ~ 
. ees (ost t..e ‘ aap ya 'e iS es 8 a0)4 teh 57icatae He fier Aa Mie fee he WOH * arty eth at ENS ofa f5 fa- 
1 . " Hat gy toe 1 Sh r8s * 8 yen, Net fea ri: by 9 4 af we tey s 4 $ ‘ la ‘ud sat Pie area i 9 8 hei ed 2 whe ts) 
' my t ty a a 16 AA ey ¢ Hy prem ts Leite aevaltgeed aS A ge fe! f “> ese att =, 88 8 nla 7a % } fecse Ch ict eh mn PN Ot 
. . baka Otc PopeUn bys “ ie, Nee Fetege ¢ i. i eet fet 5 4 Ange ay ia bareouate ? pt ed ae > nef Rie eR eee o Pose ae 
+ afaf lade} , ta. qc Zs : of at 2 baie us “Meda Fe $a, bard at Mt. 84 0/ tant tae th we fas 2% rf 
F ms ' . is 5 fos east OR ' AS AY ata 4 De ae ee Seite GaP +3 ef &, 
; P 5 yi? vei yt fos Oy ORR te Lae, 20°45: rae fh teats Sect be die fas am 5 nS gins fa Ped het £038 ae CR We vaaene 
. : a“ . ~ ay Sega +4 . tn . t: 
Sreliiss let “ety rn ae ac 95, e8 3h i os to- @obns sy §2b iyi da? = eah*"%s +hed te : ee pat Sia Fh tag Bagi ere pa ee ater 
7 hate bee oer oe yogi asthe eee a ieee ee gc Nis oe 
7 sitet a = we : ae iz tty ree wa Tefepe Ut dad ty ol PREG Re hes ty oardet en t til REE is ray Po ee eae siageng eg ay 
’ . oo ats, oes qe. ag "thy Sut a Aste Fy) . i 
' Trt te Sained ae ee a iy ahi ; Madtiiges Th oar ae eae ais ve (tate iy iA Fo Sho : pe ont ety ry 
"sey, Whee cuelatas t ad, & 3 s is Ci Meret SEs S feat he s 7 Li > 
; H , v4 % | les ie hy ‘ x4 ya ie mnie, rae Sa ead oi ae &G Fa PO: Aaa) 28 é Huts ving ae Ae, aN ay %g = aa 
7 Sue Cred Oe ae a Reece acy wethes Ramer i mas Filled 0G Gee bio wile Rae we cou etre ee 
' A Riles .o4 Fike ne ok ede Ae Peete bale ars 6 Ma #, Se. viaae hes athe t Zor ge teat das ce 1a3t are sayy 2 eae : ease Py ree 8 Oye 
? : 1 ’ 1 ; = a : ae iB ¢ * on of? me Cea ! ee ' a a eh in aes 9? °. ah site. 453 Uae v9 Lie n a tes Sa meet pA yetcd Shae oe He sig etna eee “5 si aa Hast as 3 Mazes bel Tiana) 
4 ate a ree i aes ar Site . 1 he AD s ewetStne ay eeu iva tee 4 ow ute é ‘ oe esa 4 sete $ tent aft Rate ‘Hy Sse * ASAWE 6 
; Fi 1 ’ tet, Dacca Uren LarDe ae bir ae fagt Nefanr 4 Cae 1 bang "/?4 Tyieeraey #4" 6; . ra o * it QW aver 1% Sri gra 73 Phe Trste ed 
; rE ' LSC tient fal ' a 5 " Hare fos oa ghee a Noe | at oF Mise if : . ‘ bt SEER Wi ewe, "E28 & Tos se frske 
: ; neh ee reat e state 58h eee ere are te Lo eoree HUne ae aie reinetaiahea bey he te if MA - tag : Uk vintees na seeky eet ohj afaes, D xP ~ 
7 aC 1 is f F no 1 L Tipe oe 1 ; oe View “ on os fo fs ae TL rr ' ria ! fotude “| ef Fit yt ey a t . as cai 5 Oy dies nS ee ahs ih y Jj rt ‘ b . 
7 . oes es Sree LPALer Lich. Bey . rts oon Le ee sgt f ims ohh Ce Ade cL oY ee en meet if i ott l ale, ik y SASS, love Tt 
1 eee . i 1 iets ' ee pes x ds 1 eats t.0)}8, hoe vey - Vets ' = oad fr , ¥< ote F A ‘ Veet te “as rhs BA, tales 
oe Fs rhe g z an a etna ts Noite ¢ tee ae ett . Hato “ eet whats : 4, Fe ee Mebagt ete . ee ante ! 3 ot JY iene: sey Tbs eae ay 
Cy ae » a P ry . . ‘ nigiean iy ats e 8Q70 ' ' ARCATA T . “ + Pa = F, wi . art At 2% r=) ‘4 ta ' ri * * ° Sees “Die 5 =e eye ” cap te 2 1 : 
7 i. ' z ae a “1 4 3 : UP oe test t ee aan ot “ted ri pe " Pe pee fae + att. Sits ap atecn har at vr yy, vo. i. iis teak! a ae 4 vokhe ate ines i > Fe 
4 e 2 ‘ : ese eane oer oe ee er 4 H . ae . ve ns e ; t Cr ee ee te) fs" eat ‘ a oe ates fac hae telanet é F teeny sensed ght S bg te ne) iether ne wats 
P 1 . ‘ Dark Or F or nee . e ; sf! ara = & oO Dae se All ies Pe ee Sata eee wine : 7 
' oe yt i as Tee ar whit, 4 Cg aT ea moot eee mtd Beitteone ek ag og Os ia 
a . . Lier i Rat, 8 14a . ; we ’ . ‘ ¥ ey, : ar or e 4% | #9 he o ae H aye ebay fe 4 wf un are 575 wd id Sard) 
i 1 a ne A ’ ae ay . ; ety, * wy 1 " Newman ° 4 fsa ye . : Lr igs i tge y be tite Shag 7 t Pies ‘cha i id, § + PY 
‘ ‘ ‘ . . 2% . 8 ne 'gige ¢, asain ‘ ei \ ) “ate =v hich oo $, ity Ey “ 
ae ; - 1 ; ’ Bhat eee =a ae 1, , . - ‘dee re ee 7 ‘! rf at a ". ae TAS oF . ite fst vat sight erase : a oft? ye et 2 itd eas ee 
' ' 26 ean ls . ' % "sot * e i ey Cnet ag he "i . q) 
’ vite cays 3 ' Teer re mage ah 2Y (eaaktes ae is é neers aa ee is a ae ee —) es if: . ee Bre fa%s eee Binley ; Vv OG :, Ce ie ‘ Ss 
; ag ' yo vas 1 tylangey : eee era - 4 st aia, iS tie er ta lee) a 44 ny, A ae Can) bt; FB! He ae wt wt, Re dted as Pirie ata . 
€ ts fees Elia 8 ; ' , oi ae ft Baal Hoye neo 1.4? 8 aa aaa a Vist, ays a: 334" 0% “J ef avar 140 Pe any Fa eye ee Rede 4 “< 
. ' . : ye Ce er « s&s L. fo . . eft ty Mu fee tt a’ “G30 1 mL 12 ws & é a] -° "she = a eu a | y 5 br) oils ¢ tan ante B9 se i “ah! oP eo AL He Ee, a 
. er alg He 1 : os ne wk Fae rat . “ie ieee "a4 ice ea ais : setrin eels Lae ajeiena: 17 ash Aan $y 72 "a4 sys ian Z Iris tele ; Me LUIS ABS 9g se are 
; ' ; . ' mr : ae ? i J ' 1 7 ; a ' de , Dine 7 i] ae 1 ; a’, re ipl . pias Fa “qe why can Ml tacint “ ves ts aK: © He ania’ as erate 
: ' s bf os © Sg 2 Ones 1 « - ma Se or: peer @ibt 4 ane Ee TSS wlank 8 oe rd ais aaa “Wns ata t 4 - ft he ha he « eee 
. . 4 See Wage LN . _@ ‘s os en a | Usa ate gait sas & : é +4 eae ea auch Nahe ov Oh, v.*S, He r auaueie HY ates fsa wee ot ue 
* s . "4 i wey c va, aout reel 1a . ? eee ai aah os te ‘ t 44 Os 25 brew ee Ot Ac UE fe? p eats Lesy oe 
' 1 ' s set . ie eer ° 7 Aseus rar . os Ree lee AS aaa tufts 4, airs iyeia gE PR | on te.°¥ ae wh E78 Wh Feqea, gs =o Ga ts te 
eee ee ee eae tel be pees ee ae) ee Fe eg reas Le ane by Hae sehaatetsts sind Bidens ay | 
1 ' . ° . 2 = . e ~ - e * e 
‘ ' 7 ' P . nad : ‘ r ce er cn ‘ Precha See ; ae . tity ieee a Bie ‘heRet Foe Be Ris aoe wii im , ‘ie Bear a “ade oa oe SR ce tite Ree kent Sn oes are 
: Were, tek, aa We ee seis Bre itd hey pear ak URS eat pa giabye yb aecy efi oie PAD hn a oa cae 
i leg . i 6 8 Pa Sar ter 4° ieee be SK ee EY rn | af a = #78 LU etre “Tl ates "eyed 02.208 cH O8Oy UOal de at “bgt H fefegse fi v. t 
: e . 1 ' “de ie eo4 oat, “eeu ifs: ee Ae 4,°C3" 2 bee *y7.4 el Yiefer feorhe « ¥ ey 
; . : - o ue % ; i m ret 8 thee veut ; ch as rvs rs ms : Fd 1a = ys waa we oF es Fi i 2: BR shat a = alist ats ea a3 0 Nate < Be Se ae 7 oe 
; ' a fe . oT , & ott fay Pa s | oo Na 5 *.b.1¢ ue. oe, E ' S78. es ms 
= a , ' a ' o e . oo ae Si a ‘* Bee Pos , ep o : te ole oie ae er ae , aa o5 'f cat eer ” See : Tye! : OL ee a : c Aa ue i ; tee. e Pees 
' ane ' 1 to : reir Tote rae p sat Os Ln de tag Br a : ha ares oa A are Ce t peas "ys a 3 oo vw a dk 1, a oti: Mk 3. “ied 
Ci pas | Ca is ‘ . ' pol : Chal ns eae : , Seria , LOO wean u@ rae ai as i ak Soe) Seal eG nt i z ron fares St" tg os “1 4, 
. - : ay F hee an Lal er eee z ete yt, ' ti ae av 8 rd | Ae nites a ta ea cad) . * we, ae eT dub nate id 
aa ' A os a F ot . oe Peele IEG . Hae nisl ee : pias He su art ae apse 8#.9% ade Or att : Ai Ay 
‘ ' ; ; . ts aun: : : ae re , oh ; Pa ee tn ; = the me as oar {tere Weyer eta : £10. us eect ae ht ie = ht a) pert er r. aS a cs 
; 7 | . s ” 1, és 1. a i Ae naty 88, =,8 7,¢ . ny Les 2o5n0 4 ew as *t3eg ¢ renee a 
oF ae tacos a re ant ed oneness ere DUCRUnEL IG. uo tenet ee aA me: ote ve aiteetie sti: Dane ey. a fis ‘1 welhgesines hate ik. Ree Hag eteih retake yg! 
' - of eo va era) ne eer ce Wie Wie ont (ene Bey sey = 00te Maes in tee Sy eae 14 “pat ey 2 fishy Gs i us 
. ae eee gece ots Spee mes Perea ce hh wer Salat RON eed A fer ae ta ed ce ah he fee ints. A dts 
, . ; —_ cH oe eatand Hea a later ge , canta Oe ee Erne neers | t bias Are ¢ y vy Cen Oe fr ee Sh Gdeit test ' a - ‘e nee x Sele yar “ic Paus Hi 
, P eo.8 rer Seg eee nee eee sterner SRT ie Hy "Wenn ay ie v4 ' ee wer\s i get: Pt Se “A ae a.” poeta gs ders ist “4 ING 
' ® De . a eer ‘oes oe GT aa Hae Ly en $54 “apt ute @ 8g e t Ray Aa, aye | fe 2° eM e “Sdn Serre (ve eNphee 
. _ F ; mee 2 re 4 etnyy aly 0004, Che as “babdytge ry are em Re aye wet tery 4 a 
e Se s ' : 1 y $4.0 Pion eA oe 6 Pies x pace? tot i H serge? UNS a Te Sra tagta. = orely 
TE a ae ee i Ensen nao Model aE Gs a GSE Pp nares Beate 
uw , ro : ee Ba cei eel ere sant ON mo or ueinleks nab - de Ad eS U3 at cates ahd fet sy?! wan neti Hg a P es ‘tlyten sg: ‘ty 
° Dedas 1 7 . tow ene Lee MAR ae “len mes Sh ac fama ty ete yb rs Ue i ik c.. Mite NS ES. S 2.9 Je te . ce 
; on ee tae, Cet onl a eee ee cee reer eae ea P SIE eM ee et UN) ortengt ieee rs 
1 mea vs Pe iba Mae a, ey 3 ' tog ue ” omen Aote 1% “U* Far fa bees * 44 o i” PS ay ~ ay tise e «i la! Ast 48 ie 
. . 328 7 a ed \ ' vee PAL Smee: re ‘ ‘a fe it ieamy f cia if (iis ec . Me ra aie eso r Le ve meet ties reen Fe fo rhs ‘i hate ohh use 
5 : I 5 : Pe a san any tit, a* erry preg s fay rt, FX 5. *. 
’ ‘a : Sa ne : 2 mo eee oes : ete ly Ce ree = tft ae Pee cee ; ar ee ‘ fy rar a yi outs A gi ag if. rte Ay, i * at BE 
a. 8 : - * ' wg rf a é . Ly oe aa ' .f be s a. Bs e 1 > Sasa. te 
a ge ns pe be itt ay Pl HT OR OY Langit, Metin ac : 
' Dns : . 2 "es ‘ @e Poy ' he e 4y hae Use eae pune e a! vt ashy. te 14 Parole sis etse @ 1 
oe . 7 ' : S ie 1 os ps ‘ ied i m fur 8 > : a v net! eae 5 rT ; ears tee ° ie. er yts’ % 3 mat, . a =z ca ia “es ms { 
1 . ' ashy “4 , ia ' .o n a eae Teer ones faye er $ mie A te Y » 43 e Ne ! ate ys ie re 
“ ' 0 : ee i antes, GL be Ae o? SO eR ers 12 F ato ates, 1B 7%, xs “48 ! ah tte : 
i ? 1 ‘ . . 8 a ¢ rn ey * . H 5 cell . ‘ Ly ¢ wae one Cr le | “ sf fanny = . e Vegan at "7 na pe - ‘ AN 
: ie ee: tet a a ey are es en Re 
a F arr eee ee 1 ee Re aneeteiee Bes ere foe UH Gone as t a iho Vat a vag) nee tt yt 
: mys q Hay Ca ae ae F ees on F & steae o, ‘ fs x mo tear. fae JS af 
1 oa 1, "a %s 7. 4 e tn 1 (ie eu : f «4s 2 a fer as i rey Ki: % 
7 1 5! . 1 Pw a Aaa ' : ouéo, 1 oy w ¢ A 4 0. 4: ty ME Wee ubns a,’ 
' 1 . . . a a. F >} 
. 1. - 8 : ty : ‘ ot a a 7 ’ oe 7 . io M ‘ ; 5 i y éuer - 3: " Rls : 2, ! ayy ny : v! i . ae Sod wy a # FR tt 
ee. Se. ke “RD en Oe he iebecate oO ee 1 Sy lane’ bye eet 
* es aa e oe ee * : ve pene ane a Fe a a 
: a’ | ae cee Se eur ae Ree re Mad ae 
=e . Caer | | ee » 8 "% e foe er} . : | Bie at Se , ra 
ae , orth ae ee arc ot ore ace gr 4 eu i 
. e . a) " ei 1 aan 1 i i ¢ are be } a 16 
1 . ' ae 1 we Ld Pr ta Xt . a se J ete Piss ! a ies te pals : ! tyeeh fivvy s is bo ie 
a i) eee rs Res eee ae Ree getty aa gl Te ay 2° 
1 7 . i 1 : ‘ os "4 @'aot . i * @ ite. “| la 2 Bfev, aga Lg a ® ce 
‘ aos ' 7 A ' 7 1 1 4 . eer 5 an 1 14, “3 ae I | 1 ot v ‘ . a bs ¢ * 
1 ’ ‘at . a : ° . 1 e S 2 “yt s =e By ate 5 . “2, ¥1) 
' . 1 Ra ; cs " ae : ns . . . até t Se , : aL - =o, 3 4 a. at ua 2 i Sy 
' : ; 1 = 2 1 ; al ne ‘ 1, oy 4 5 e - Raya nll 5 ; 
; 1 : ee , ' BN zea Ate as $3 ‘ 3 : ne ais Js a 8 hy. r Armsest i € Hn 
: e ‘ a ; 3 ' i, 20) ED « ,t z, ae Ce = "ag t } ay 
; uae : Fae ; ; se Y fueat Pi é% ot y'tel tas esak <> eet < i 
. 7 1 ar] 2 . = , ' 1 6 e ’ We Ld ’ Ak 2¢ ssf *. ai 2 
7 1 ¢ : ae 1 oe Dierks * ‘i . ? 3 1 ont 7 ae | Pa } 3} i ash 
< a ' ' aay, ° a 
‘ . a ee - ce : : pa ee zt goes i: , oh Dr AS ws ry 
1 e e - 
. to. 7 8 1 ae nog ae My t ‘. ; ; at 3 : ) 7 4 , i) “3 i ‘ | 4% ae: i Ne ta c 
ak oO ae 1 * Moun a 2 ee . ’ 
. eae . ty 7 ee ee oe eiaoig otf 
7 : : a : ’ i pohoee : ar ye aes Tae vy 27 YN a 25 Be 
' 3 ’ e 1 ’ . ' ‘ "po i ' t e "4 os 7 if i “« u 4 ry", 
. % ar 4 ae . t 
Fi L Ss gs '- $ a NF 
, pie - . ‘ . 2 i 1 0) ys U4 r 
’ s ; aie ; ‘ 1 ie Pane G Oi \ : Lae F 7 1? oS, oe z pte ia 1st aK 
' 1 e i * oy fee 4 3 ele 4 Ms 
e - : aes ° ‘ ; Lt eve © 4 Ps ¢ A" ¢ % 3 * brs a AS $ a Za P’ Te ye ie 
a Py eer: “1 NS 2 ea bas Y pines oa ys oe fy a ‘eae, te 
' i : i es a ae hy 0° 7 < : a 3 - -—. 4 2 i a ¢ “ Le 4 i La ne } 
. F : ; ie ; e ; i] ; o) ry , Ie i * » 4 *y ‘ } o* a } ae a g? 5 
’ =f . an. ‘ t 2 i ‘ , +t wy _ > ‘ _ I : a ue i 
: : i : eur : ys aah ' ; ¥ at “eae dae ae! 
' ' , * ’ a - deat ' ae 5 ane ms Ae ed t ‘ * I a i 
' ' ; eae 2 5 { ow ty 7 is an ae. = 4 {ees ee a 
 D. F , : re ; - _ 3 , e é aes : " ae ‘ i . a i » 24 a =. 
" . .- = s : ‘ . @ ' I ‘ ae i ° i; *s i} VW = fe 
, » = r 1 : ’ 1 ' ' fa fous A oY aay det > e es rr wie f] iy s* ” “i 
i 1 7 oe . ’ a Oe 4 04 ut 3 . * 2 ° . * ¢ $ th ® an 71 ® ® , *s bal ‘Ss ” % ° 4 
. Yee oe | ee: A . tt ty eae 
“s ¢ : eer aC es ’ La oy 4 Vay ‘ . a} ree Y 
‘ LL , ‘. ' Pu 2 : a ” a * é ‘a y4 e eo 
e ' ‘ fas rn a z ‘ ’ : . & 4 i bs pou if ‘ 
' ' ‘ . ' ' 1 aa! 4 e "s by ry & iy 
' ‘, : oan ; , e mi F e 2 ‘ . 
' Fi ‘8 : Perak ; 4 . 
. 5 f § oe ace : Cy . , Se a 
' e 
2 Fi e A ft ? 5 ® , e 
' : ay t 
. 











UTLEY ¥ a _ _ 
LAT AT ‘ 7 
ronnie + 


| 
| 
| 











NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


NUCLEATE POOL BOILING PEFORMANCE OF 
LhawwemeA ND TIGil FLUX 
TUBE BUNDLES IN R-114/OIL MIXTURES 


by 
Nezih Akcasayar 


ag 


December 1989 


Thesis Advisor Paul J. Marto 





Approved for public release; distribution 1s unlimited. 





classified 


rity classification of this page 
REPORT DOCUMENTATION PAGE 


Report Security Classification Unclassified 16 Restrictive Markings 











Security Classification Authority 3 Distribution’ Availability of Report 
Declassification Downgrading Schedule Approved for public release; distribution is unlimited. 
'erforming Organization Report Number(s) 5 Monitoring Organization Report Number(s) 
Name of Performing Organization 6b Office Symbol 7a Name of Monitoring Organization 
wal Postgraduate School (if applicable) 570 Naval Postgraduate Schoo! 
Address (city, state, and ZIP code) 7b Address (city, state, and ZIP code) 
terey, cA 93943- 2000 Monterey, CA 93943- guy) 
Mi akty 
Address (city, State, and ZItP code) 10 }10 Source of Funding Numbers ssi—<‘isSSSCisd }10 Source of Funding Numbers ssi—<‘isSSSCisd Funding Numbers 





Title (include security classification) NUCLEATE POOL BOILING PEFORMANCE OF FINNED AND HIGIT FLUX 
Setepteewwots IN R-LIVOIL MIXTURES 


: 
- 
: ersonal Author(s) Nezih Akcasavar 


Type of Report [3b Time Covered [4 Date of Report (year, month, day) 15 Page Count 
aster’ s Thesis From To Deceinber 1989 9} 
Supplementary Notation [he views expressed in this thesis are those of the author and do not reflect the official policy or po- 


ion of the Department of Defense or the U.S. Government. 
Cosati Codes 18 Subject Terms (continue on reverse if necessary and identify by block number) 


Id Heat Transfer, Pool boiling. 
i 














Abstract (continue on reverse if necessary and identify by block number) 

The heat transfer charactenstics of pure R-114 and R-114/oul mixtures during nucleate pool boiling from a small bundle 
finned and High Flux tubes were measured. The bundles had 5 instrumented and 10 additional heated tubes of 15.8 mm 
tside diameter which were arranged in an equilateral triangular pitch of 19.1 mm giving a pitch-to-diameter ratio of 1.2. 
ire refrigerant with York-C lubrication oil mass concentrations of 1, 2, 3, 6 and 10% was used. All experiments were per- 
med at 2.2 C corresponding to a pressure slightly below atmospheric. 

Data sets Were taken using decreasing heat flux only in order to avoid the boiling hysterisis phenomenon. An enhance- 
ent in heat-transfer performance of the finned tube bundle due to oil applications was observed. The enhancement increased 
h up to 3% oul concentration over all heat flux ranges. Further oil additions showed better performances than pure R-114 
high heat flux levels but poorer performance was obtained at lower heat fluxes. High Flux tube expenments indicated that 

> heat transfer performance of the bundle was approximately 2.5 times better than the finned tube bundle performance for 
re R-114. No positive perforrmance enhancement was observed from the High Flux tube bundle due to oil addition. ‘The 
ormance unmediately degraded with 1% oil and stayed almost constant with 2% and 3% oil additions. A decrease of 
rfformance became significant at high heat flux levels with oil concentrations of 6% and 10%. 

The performance of these two tube bundles was compared to smooth tube operation. 


Distribution Availability of Abstract 21 Abstract Security Classification 

lunclassified unlimited CJ) same as report CJ DTIC users Unclassilied 

. Name of Responsible Individual 22b Telephone (include Area code) 22¢ Office Symbol 
ul J. Marto (408) 646-2768 548s 


FORM 1473,84 MAR 83 APR edition may be used until exhausted security classification of this page 
All other editions are obsolete ——_— 


Unclassified 


| T2478 24 


Approved for public release; distribution is unlimited. 


Nucleate Pool Boiling Peformance Of Finned And High Flux 
Tube Bundles In R-114/Oil Mixtures 


by 
Nezih Akcasayar 
Lieutenant Junior Grade, Turkish Navy 


B.S., Turkish Naval Academy, 1983 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN MECHANICAL ENGINEERING 
from the 


NAVAL POSTGRADUATE SCHOOL 
December 1989 


ABSTRACT 
The heat transfer characteristics of pure R-114 and R-114/oil 
mixtures during nucleate pool boiling from a small bundle of finned 
and High Flux tubes were measured. The bundles had 5 instrumented 
and 10 additional heated tubes of 15.8 mm outside diameter which 
were arranged in an equilateral triangular pitch of 19.1 mm giving 
a pitch-to-diameter ratio of 1.2. Pure refrigerant with York-c 
lubrication oil mass con-centrations of 1, 2, 3, 6 and 10% was 
used. All experiments were performed at 2.2C corresponding to a 
pressure slightly below atmospheric. 
Data sets were taken using decreasing heat flux only in order 
to avoid the boiling hysterisis phenomenon. An enhancement in 


heat-transfer performance of the finned tube bundle due to oil 


applications was observed. The enhancement increased with up to 
3% oil concentration over all heat flux ranges. Further oil 


additions showed better performances than pure R-114 at high heat 
flux levels but poorer performance was obtained at lower heat 
fluxes. High flux tube experiments indicated that the heat 
transfer performance of the bundle was approximately 2.5 times 
better than the finned tube bundle performance for pure R-114. No 
positive performance enhancement was observed from the High Flux 
tube bundle due to oil addition. The performance immediately 
degraded with 1% 01il and stayed almost constant with 2% and 3% oil 
additions. A decrease of performance became significant at high 
heat flux levels with oil concentrations of 6% and 10%. 

The performance of these two tube bundles was compared to 


smooth tube operation. 
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NOMENCLATURE 


NAME / DESCRIPTION 

Voltage output from current sensor 
Tube-wall cross sectional area 

Area of heated surface 

Specific heat 

Inside tube diameter 

Outside tube diameter 

Thermocouple location diameter 
Gravitational acceleration 

[leat transfer coefficient of enhanced 
tube surface 

Ileat transfer coefficient of tube 
unheated smooth tube ends 

Tleight of freon column above a heated 
instrumented tube 

Thermal conductivity of freon 
Thermal conductivity of copper 
Ileated length of the tube 

Unheated length of the tube 
Corrected unheated length of the tube 
Prandtl! number 

Perimeter of the tube outside 

surface 

Hydrostatic pressure difference between 
tube and free surface 

Heat transfer rate 

Heat flux 

Heat transfer rate from unheated 
smooth tube ends 


Temperature 


AT 
Tfilm 


T film, 


Tld1 


Tld2 


Pie es 


(T., — T..,), Wall Superheat 

(T., + T..,)(2, Film temperature 
Film thermodynamic temperature 
Liquid temperature reading from 
thermocouple 4 

Liquid temperature reading from 
thermocouple 5 

Saturation temperature 

Corrected saturation temperature due to 
hydrostatic pressure difference 
Average inside wall temperature 
Average inside wall thermodynamic 
temperature 

Average outside wall temperature 
Voltage output from voltage sensor 
Thermal diffusivity 

Thermal expansion coefficient 
Dynamic viscosity of liquid 
Kinematic viscosity of liquid 
Density of liquid 

Fourier conduction term 


Variable in density calculation 
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I. INTRODUCTION 


A. BACKGROUND 

One of the most important goals of recent heat exchanger research is to increase tlic 
efficiency and reduce the size and cost of the present systems. As described by 
Nishikawa and Ito [Ref. 1], heat transfer with large temperature differences should be 
avoided for efficient use of heat sources. A large temperature difference will increase the 
irreversibility by heat transfer, and give rise to the degradation of thermal energy. It also 
implies larger dimensions of the heat exchanger. 

When dealing with refrigerant evaporators, the use of enhanced boiling surfaces can 
reduce the wall superheat substantially. A variety of earlier investigations have shown 
that tubes with enhanced surfaces give much smaller wall superheats then smooth tubes 
during nucleate pool boiling. This indicates that refrigerant evaporators using enhanced 
tubes should be smaller in size, which is a very attractive feature for naval vessels. 

During operation of refrigeration plants, some amount of oil can leak into the 
evaporator section from compressor seals. Since the nucleate pool boiling performance 
of enhanced surfaces has been found to be strongly affected by liquid composition, the 
effects of refrigerant/oil mixtures should be examined for enhanced evaporator tubes. 

Wanniarachchi et al. [Ref. 2], compared various refrigerants which are used in naval 
refrigeration systems. Their comparison points out that R-114 is the best refrigerant as 
a working fluid in naval refrigeration systems, although other alternative refrigerants 
may have to be used to reduce the earth’s ozone problem. The heat transfer perform- 
ance of enhanced tubes in R-114/Oil mixtures is not well-documented in the literature. 
An experimental data base must therefore be gathered for various enhanced surfaces in 
a tube bundle configuration. Anderson [Ref. 3], obtained data for a bundle of smooth 
tubes as well as for a bundle of finned tubes. However, his finned tube data were subject 
to large uncertainties because of large temperature variations on his test tubes. 
Anderson attributed this problem to a poor thermal bond in the construction of his test 


tubes and recommended that an alternative technique be utilized. 


B. OBJECTIVES 
The objectives of this thesis are as follows: 
1.) To manufacture and instrument a new finned tube (19 fins per inch) bundle, as 


well as a High Flux tube bundle and to test them in various R-114/Ouil mixtures. 


2.) To compare the finned and High Flux tube performances with each other and 


with the smooth tube performance, obtained by Anderson [Ref 3]. 


Il. LITERATURE SURVEY 


A. THEORETICAL STUDIES 

A number of correlations for nucleate pool boiling from smooth surfaces have been 
proposed by a number of investigators. Investigations are still being made to reach more 
reliable predictive equations for cnhanced tubes and enhanced tube bundles. 

A quick historical review of this area shows that the first investigations were madc 
for a single plain tube. Nine different correlations for a single plain tube were listed by 
Chongrungreong and Sauer [Ref. 4] for nucleate pool boiling of single component fluids. 
They also derived a predictive equation for the heat transfer coefficient in refrigerant/oil 
mixtures using existing experimental data. 

The commonly seen application of tube bundle evaporators made necessary the in- 
vestigation of tube bundle effects. A small, triangular pitch bundle was used by Fujita 
et al. [Ref. 5] to obtain heat transfer correlations in a bundle. Equations were derivcd 
using rows of two and three plain tube arragements and expanded for a row of N plain 
tube arragements. Refrigerant R-113 was used in all experiments. The lower tube was 
evaluated as a single tube and the Mikic-Rohsenow [Ref. 6] modcl was applied to boiling 
from a single tube. For the upper tube, the surface area was divided into two segments. 
The first segment was the area influenced by growing bubbles; the second was the area 
influenced by flowing bubles. The area influenced by flowing bubbles was also subdi- 
vided into three areas: top, sides and bottom. ‘The correlations for heat flux were 
produced for each area separately and the predicted total heat flux was found by adding 
these expressions. 

Presently, there does not exist a reliable method to predict nucleate boiling in en- 
hanced tube bundles. Chen et al. [Ref 7] used a single finned tube (as a basis) and two 
finned tubes (as a simplest bundle) to investigate the pool boiling heat transfer of R-11 
from enhanced surfaces both theoretically and experimentally. 19 fpi and 26 fpi finned 
tubes with various pitches were used in the expcriments. 

The theory of Mikic and Rohsenow [Ref 6] for plates and single smooth tubes was 
developed for a single finned tube or for the lower tube of a twin tube arragement (which 
was evaluated as a single tube). In the development of single tube theory, the transferred 
‘heat flux was divided into two parts: The heat flux into the area influenced by bubbles 


and the heat flux into the remaining surface area due to convection. The predictive heat 


flux equations were developed for each area respectively in order to obtain the single 
finned tube correlation using the same approach as Fujita [Ref. 5] above. For an upper 
finned tube, the heat flux equation for bubble influenced area was the same as for a 
single tube. The remaining surface was divided into three sub areas: top, sides and 
bottom. The respective heat transfer coefficients of each sub area was obtained and the 
heat transfer behavior of the upper tube was predicted. The calculated results were in 
good agreement with the experimental results. 

Although the two tube arragement gives information about a finned tube bundle, 
the variation of the top tube behavior with an increased number of heated tubes in a 
bundle creates new problems in predicting bundle performance. Additionally there ts 
no predictive equation for finned tubes in refrigerant/oil mixtures, as well as for single 
High Flux.tubes or High Flux tube bundles. 


B. EXPERIMENTAL STUDIES 

The usage of R-114 in refrigerating systems has become more popular due to the 
benefits of the refrigerant. In the past, a number of different refrigerants were used as 
the working fluid in systems. Most of them are still being used. There has been little 
investigation of nucleate boiling in R-114 from enhanced surfaces. They were mostly sct 
up on the other refrigerants. 

Danilova and Dyundin [Ref. 8] investigated the heat transfer beahavior of two dif- 
ferent finned tube bundles in R-12, R-22 and their or mixtures. These were compared 
to each other and also to a smooth tube bundle. They indicated that the finned tube 
bundle performance was better than the smooth tube bundle and a positive “bundle ef- 
fect” was observed for finned tube bundles. Additionally, the oil effect was negative on 
the bundle in R-12 and R-22. Sauer et al. [Ref. 9] investigated the effect of oil carryover 
on the boiling prformance of refrigerant of R-11 at one atmosphere with finned tubing 
(19 fins/in.). They found that at the higher oil concentrations, boiling performance de- 
teriorated, however, an increase in oil up to 3% did not greatly reduce the heat transfer 
coefficient. For oil concentrations greater than 5% the heat transfer coefficients signif{- 
icantly reduced. They also indicated that the effect of oil on the thermal performance 
of the low fin tubing was not greater than for the.plain tubing. Yilmaz and Palen [Ref. 
10] reported on the performance of hydrocarbon reboilers using integral low-finned (19 
fins/in.) tubes and compared this performance with the result for a smooth tube bundic 
_and for a single finned tube. Their results showed that at low boiling temperature dif- 


ferences, the boiling heat transfer coefficient was higher for a finned tube bundle than 


for a single tube. However, at high ATs, the single finned tube gave higher coefficients 
than the finned tube bundle. At high AT’s, the convection effect became less dominant 
relative to nucleate boiling, and probable partial vapor blanketing of the finned tube 
surface occurred within the bundle. These effects resulted in lower heat transfer cocfli- 
cients for the finned tube bundle versus a single finned tube in their experiment. Thev 
also compared the performances of the finned and smooth tube bundles and indicated 
that the finned tube performance was greater than the smooth tube due to higher bubble 
concentration and higher circulation rate caused by a higher nucleation site density. 
Hahne and Muller [Ref. 11] used a finned tube (19 fin/in.) bundle consisting of 6 hori- 
zontal rows of 3 tubes each to find the performance of tubes in R-I1. They determined 
the performance of each tube in the twin tube arrangement. They then tested several 
single tubes in a bundle and compared their performances to twin tube performances. 
They found that the bottom tube performance did not change with number of heated 
tubes in the bundle and stayed between upper and lower performances of the twin tube 
arrangement. The top tube performance increased in the same situation and it was 
greater than the top tube performance of the twin tube arrangement when the numbcr 
of heated tubes were increased in the bundle. The rising bubbles from the lower tubes 
caused a convective flow in the evaporator and enhanced the performance of the upper 
tubes. 

The performance of a single High Flux tube in refrigerants and oil mixtures was in- 
vestigated and the results were published by several investigators. However, there is no 
documented work on High Flux tube bundle performance in refrigerant/oil mixturcs. 
Yilmaz et al. [Ref. 12] tested a number of enhanced tubes including a High Flux tube. 
They obtained the heat transfer performance of the tubes in p-xylene and compared 
them to plain tube results. They determined that The High Flux tube performance 1s 
better than other enhanced tubes (Thermoexcel-E, Gewa-T) and much better than a 
smooth tube. Marto and Lepere (Ref. 13] performed similar experiments using the same 
type of enhanced tubes in R-113 and FC-72. They also obtained the best performance 
from the High Flux tube over a range of heat fluxes. The performance behavior of a 
single High Flux tube in R-114/oil mixtures in comparison to a single smooth tube was 
reported by Wanniarachchi et al [Ref. 2]. The performance of the High Flux tube was 
10 times larger than that for a smooth tube in pure R-114. [lowever, this enhancement 
decreased with increased oil contamination. The performance was seven times greater 
than that for smooth tube at heat flux of 40 KW/n2? with 10% oil. Sawyer [Ref. 14] 


compared the High Flux tube performance with other enhanced tubes (Gewa-T1, 


Thermoexcel-E and Thermoexcel-HE) in various R-114/Oil concentrations. Above a 
heat flux of 18 kW/m?, the High Flux tube showed superior performance up to 6% oil 
concentration. However, at very high heat fluxes, with 6% or more oil concentration, 
the Gewa-T tube showed the best performance in his investigation. The newest report 
is provided by Grant et al. [Ref. 15] and concerns the High Flux tube performance in 
refrigerant/oil mixtures. They utilized R-113 in their experiments with oil concentrations 
up to 10%. They obtained a decreasing performance with increased oil concentrations 


and a significant decrease with 6% or more oil addition. 


I. EXPERIMENTAL APPARATUS 


A. TEST APPARATUS OVERVIEW 

This chapter includes only a general description about the experimental apparatus, 
concentrating primarily on the evaporator section. More detailed descriptions were 
provided by Murphy [Ref. 16] and Anderson [Ref. 3]. Figures | and 2 show a schematic 
view of the experimental apparatus and the evaporator/condenser test apparatus, re- 
spectively. 

In the condenser portion of the test apparatus, there are four instrumented hori- 
zontal smooth copper tubes in the top and five auxiliary copper condenser coils in the 
bottom. Each of the tubes and coils can be operated separately during experimentation. 
Vapor conung from the evaporator rises up and is guided toward the top of the 
condenser by a vapor shroud. The vapor then flows downward over the condenser tubes 
and coils and the condensate is returned to the evaporator section by gravity. 

The evaporator is a kettle reboiler type which consists of four individually-operated 
sets of heaters. The names of each heater and their respective power outputs are given 
in Table |. 


Table 1. HEATERS OF KETTLE REBOILER | 
Active Bundle Ileaters 










Auxiliary Heaters 4000 Watts/each 


Simulation Heaters 4000 Watts/each 





Front and side views of the evaporator are shown in Figures 3 and 4 respectively. 
Electric power can be applied separately to each set of heaters by using a STACO 240 
V, 23.5 KVA rheostat controller. Also, desired numbers of auxiliary, simulation and 
instrumented bundle heaters can be operated by using individual circuit breakers. The 
four auxiliary heaters can provide up to 16 KW of heat load capacity. These heaters are 
used primarily as additional load for condensation experiments and secondarily for de- 
_ creasing heat flux experiments under constant condenser load. The five simulation 


heaters have 20 KW of maximum heat load capacity. They are used to simulate an ad- 


ditional number of heated tubes in the bottom part of a larger bundle. They are located 
at the bottom of the kettle reboiler and are separated from the test tubes by a rack of 
dummy tubes to guide the vapor flow. The auxiliary and simulation heaters have 
enough power to create a large enough local heat flux to cause freon decomposition. 
Great care must therefore be taken during operation of these high powered heaters in 
order to avoid decomposition. Dupont [Ref. 17] references the critical flux value of 
R-114 as 130 kW/m’. Configurations of all the heaters in the boiler are shown in Figure 
ok 

The tube bundle consists of instrumented, active and dummy tube groups. The lo- 
cations of each tube group, represented by their respective letters, [, A and D, are shown 
in Figure 5. Among these groups, only the dummy tubes are unheated. They are used 
to simulate normal, large horizontal tube bundles by providing similar geometry and 
flow pattern. The active and instrumented tubes, which are heated, are fed electrical 
power by the same variac, thus providing an equal amount of voltage to each tube type. 
Circuit breakers are used to allow for the use of any desired number of instrumented 
tubes individually or in connection with active tubes. 

The instrumented tubes were of two types: namely, finned tubes (19 fins per inch.) 
and High Flux tubes. The fin-tip diameter of the finned tubes along with the outside 
diameter of both the High Flux and dummy tubes was 15.8 mm. The tubes were 
cantilevered from the back plate of the tube block with a 19.1 nim equilateral triangular 
pitch, giving a pitch-to-diameter ratio of 1.2. Alignment of the tubes in the front was 
obtained by attaching a Lexan plastic plate in which holes were drilled in such a way as 
to match the pitch of the tube bundles. 

Both the finned and High Flux tubes were assembled locally. They consisted of an 
outer test tube, an inner copper sleeve and a cartridge heater in the center. The outer 
diameter of the copper sleeve was machined down, providing a 0.005 inch clearance with 
the inside of the test tube. The copper sleeve was cut with 6 lm x Inn grooves to 
accomodate the wall thermocouples. The first groove was cut to a length of 1.5 inches 
with subsequent lengths of each groove increasing by | inch. In addition, each groove 
was located at a 60 degree circumferantial angle with the previous groove. Figure 6 
shows the circumferential and longitudinal position of the thermocouple grooves in ad- 
. dition to an overview of the finned and High Flux tube assembly. Finally, the tubes were 


fabricated as described in Chapter IV. 


B. ‘DATA ACQUISITION SYSTEM/INSTRUMENTATION 

A Hewlett Packard HP-3497A Data Acquisition System, FIP-9125 computer and 
HP-701 printer were used for data acquisition, data reduction and data printing respec- 
tively. Also an HP-9826 computer and HP-7470A plotter were used to obtain vital 
graphs. HP Basic 3.01 was used for data reduction. At the beginning of every set of 
runs, the HP 9125 computer had to initilized by using three system discs. However the 
HP-9326 computer did not need to be initalized. As described by Anderson (Ref. 3], 
type-I copper-constantan thermocouple measureinents (mvolts) were made on the 
FIP-3497A with the relay multiplexer assembly equipped with thermocouple compen- 
sation. A 20 channel relay multiplexer card was used to measure the voltage output 
from voltage and amperage sensors. Voltage measureinents were taken from separate 
sensors that measured the voltage going to the tube bundle, simulation and auxiliary 
heaters. The total amperage going through the auxiliary and simulation heaters were 
each measured using an American Aerospace Control (AAC) current sensor. The cur- 
rents of each instrumented tube heater were measured using five identical current sen- 
sors. Ihe voltage supplied to the other active tubes was also measured but the current 
of each active tube was not. (The total current for a pair of active tubes was measured.) 
This was felt to be sufficient since these tubes each had the samme power output (1000 
W) as the test tube heaters and there was no apparent reason to monitor each active 
tube heat flux individually. 

Computer channel assignments for data acquisition and array assigiiments are give 
in Table 2. 


C. AUXILIARY EQUIPMENT 
1. 8 Ton Refrigeration Unit: 
This unit was used to cool the ethylene glycol-water mixture to a desired work- 
ing temperature (-20 C). 
2. Ethylene Glycol-Water Mixture: 
This mixture was used as the coolant to remove heat from the condenser during 
experimentation. 
3. - Pumps: 
There were two pumps available to pump coolant from the sump through the 
‘ condenser. The primary condenser tubes and one of the secondary condenser coils were 


fed by pump #1. Pump #2 was used to feed four secondary condenser coils. Pump #1 


was sufficient while only five instrumented tubes were run, however during bundle and 
simulation heater operations, both pumps were needed. 
4, Flowmeters: 
Five calibrated float-type flowmeters, which were connected to pump #1, were 
used to show the flow rate passing through four primary condenser tubes and one sec- 
ondary condenser coil. Also, one additional flowmeter which was connected to pump 


#2, was used to measure the total flow rate of the four secondary condenser coils. 


D. ENHANCED SURFACE TEST TUBES 
1. Finned Tube 

Wieland Type K finned tubes were used in the first part of the experiment. 
These tubes were obtained by roll forming the outer surface of a plain tube. They were 
designed and produced to stand up against very high thermal and mechanical stresses. 
Some properties of the tube are given below: 

Fin pitch = 1.35 mm 

Fin height = 1.50 mm 

Mean fin thickness = 0.3 mm (approximately) 

Root diameter = 12.7 mm 

Tube inside diameter = 10.7 mm 

Fin tip diameter = 15.8 mm 

2. High Flux tube 

The High Flux tubes were prepared by Linde Division of Union Carbide Cor- 
poration for our experiments. This type of tube is manufactured by applying a mixture 
of metal and braze alloys to a tube surface and then heating at elevated temperature to 
create a porous coating having a large number of nucleation sites. The properties of the 
tube are as follows: 

Outside diameter = 15.8 mm 

Inside diameter = 11.6 mm 


Porous metal film thickness = 0.025 mm (approximately) 


Table 2. COMPUTER/DATA ACQUISITION ASSIGNMENT 
Thermocouple Description Channel Array tn code 

Vapor T(0) 

Vapor 1(1) 

Vapor : (2) 

Liquid 1(3) 

Liquid 1(4) 
Tube 1, No. 1! T(5) 
ise !, No. 2 1(6) 
jibes Noms T(7) 
Tube 1, No. 4 1(8) 
dhube: Lao. 5 1(9) 
usesl, Nic. 6 T(10) 
itibes2 Nol TLD) 
mie 2, No. Z T(12) 
Tube 2, No. 3 1(13) 
Tube 2. No. 4 1(14) 
Tube 2, No. 5 | iS) 
Tube 2, No. 6 1(16) 
Tube 3, No. 7 T(17) 
lube 3, No#2 T(18) 
Tube 3, No. 3 T(19) 
Tube 3, No. 4 1(20) 
Tube 3.30. 5 ie) 
Tube 355No. 6 1(22) 
Tube 4, No. | ‘1(23) 
Tube 4, No. 2 1(24) 
Tube 4, No. 3 (25) 
Tube 4, No. 4 (20) 
Tube 4, No. 5 T(27) 
Tube 4, No. 6 1(28) 
Tube 5, No. 1 1(29) 
jibes, INowZ T(30) 
Tube 5, No. 3 T(31) 
Tube 5, No. 4 1(32) 
iube >, No.5 . 1(33) 
liWlisre 3, Iron 1(34) 
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Table 2 (contd.). COMPUTER/DATA ACQUISITION ASSIGNMENT 
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F igure 5. Sectional View of Evaporator Showing Tube Bundle 
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IV. EXPERIMENTAL PROCEDURES 


A. MANUFACTURE OF INSTRUMENTED EVAPORATOR TUBES 

The first step in this process was to machine the tubes and sleeves to specified di- 
mensions. Two different techniques were used to manufacture the tubes. In the first 
technique (described and used by Anderson [Ref. 3]), type-T copper-constantan 
thermocouples were positioned in grooves machined on the copper sleeve and a cartridge 
heater was inserted inside the copper sleeve. The thermocouples were secured in place 
by bending over the edges of the grooves at 2.5 cm intervals with a blunt punch. 

All surfaces to be soldered were then brushed with a liquid flux solution and after 
approximately one minute, the excess flux solution was removed with a cloth. The 
evaporator tube was placed vertically in a 12 inch long furnace. The cartridge heater 
in the sleeve was connected to a voltage controlling rheostat. A multiple channel Omega 
digital indicator was used to monitor the instde temperature of tube and the outside 
temperature of the copper sleeve (using one of the sleeve thermocouples). The furnace 
temperature and the voltage to the cartridge heater were adjusted until the temperature 
of both the sleeve and tube were approximately 200 C. This temperature was maintained 
while solder was applied to the outside of the copper sleeve and the inside of the tube. 
This eutectoid solder consisted of 40% tin and 60% lcad and its melting point was 190 
C. The temperature was monitored very carefully so that the melting point of the teflon 
thermocouple insulation (260 C) was not exceeded. After this process, the copper sleeve 
was inserted into the evaporator tube. A temporary friction fitting aluminum plug. 
which extended in the evaporator tube by | inch, served as a “Stop” for the sleeve. A 
copper end cap was soldered in position by using additional heat and then power was 
secured. [The evaporator tube was left to cool. 

Five instrumented finned evaporator tubes were fabricated using this techniquc. 
They were manufactured by Wolverine tube company and had a 9.3 mm inside diameter. 
Upon installation of these tubes and operation of the system, however, it was observed 
that the wall temperatures were not homogeneous. At a heat flux of 95 kKW/n?, the 
highest difference between maximum and minimum thermocouple readings was obtained 
as 25.3 C and the lowest difference was 9.1 C. This type of tube had a very thin copper 
sleeve (about 1.5 mm thick). It was thought that this short distance between 


thermocouples and heater was the cause of the large temperature difference and. 
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nonhomogenuity. With this in mind, the manufacturing process was repeated but a 
smaller cartridge heater (3.17 mm vs. 6.35 min in diameter) was used. The new proce- 
dure showed that even with the smaller diameter heater, the problein was not eliminated. 
{in order to find the source of the problem, three sections were cut from one tube 
(top,bottom and middle). These cross sections were prepared and exainined in the Ma- 
terials Science laboratory. Pictures of the cross sections were taken under high magni- 
fication using an electron microscope. It was observed that the contact between the 
inside tube wall and copper sleeve was very poor. The inside walls of the Wolverine 
finned tubes were not quite round and the solder did not fill the entire gap between the 
wall and the sleeve. Figure 7 shows an air gap caused by a poor solder bond. 

It was here that the second manufacturing technique was tried using Wieland finned 
tubes which had a larger inside diameter and more round inside surface. The technique 
was similar to the first except for the soldering process. The second technique used a 
special solder (SWIF) which has the solder (S0% tin, 50% lead) and flux in a paste form. 
The inside tube wall and the surface of the copper sleeve were cleaned. SWIF was ap- 
pled on both surfaces. The copper sleeve was then inserted into the tube and an alu- 
minum plug was used to position the copper sleeve properly. The evaporator tube was 
then placed in a 12 inch furnace horizontally and all thermocouples were connected to 
a multi-channel Omega digital indicator. The furnace was heated up and temperatures 
were observed from the indicator. When the temperature of the evaporator tube reached 
200 C (which is slightly above the melting point of SWIF), the tube was taken out and 
quenched immediately at the cable end using a cloth saturated with water. The 
evaporator tube was then placed vertically with the cable end at the bottom and was 
heated by a torch. Temperatures were maintained near the melting point of the 
eutectoid solder. Additional solder was then applied slowly from the top end until no 
liquid solder flow was observed inside of the tube. The tube was then allowed to cool 
to room temperature. During this soldering process, a water-saturated cloth was held 
at the bottom of the tube to prevent solder leakage from the cable end and to hold the 
copper sleeve in position. This second technique resulted in much smaller wall temper- 


ature variations (within 2.5 C at maximum heat flux). 


B. INSTALLATION OF EVAPORATOR TUBES AND TUBE SUPPORT BLOCK 
The front-viewing window was removed carefully in order to prevent damage to the 
window (cracks, chips etc.). The nuts for the tube support block were unscrewed and 


the tube support block was removed, paying particular attention not to disturb thie 
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thermocouple extensions in the kettle-reboiler. The tube support block contains 5 in- 
strumented evaporator tubes, 12 active heated evaporator tubes and 18 dumimv 
evaporator tubes. Only instrumented and active evaporator tubes penetrate through tlic 
block allowing the thermocouple and heater wires to come out from the test section. 
O-rings were placed on the tubes between the tube support block and the stainless-stccl 
backing plate to prevent problems due to loss of vacuum. 

The evaporator tubes were installed in the block without tightening the backing 
plate nuts and then the block was guided into the kettle boiler. The tube support block 
bolt holes were aligned to the appropriate bolts on the evaporator and all nuts were 
placed and tightened. Then the front viewing window gasket was replaced with a new 
one and the window was adjusted and tightened appropriately. First the window gaskct 
was placed, then the glass window and Lexan plate (they have same diameter) were po- 
sitioned on the gasket. In this configuration, the Lexan plate must be at the outside. 
Finally, the outer support ring was placed on the Lexan plate and all bolts were tight- 
ened by hand. Very small and equal torques were applied circumfcrentially to the nuts 
using a Wrench. In order to protect the sensitive glass window, excess torque must not 
be applied and the support ring must not be tightened with a imissing nut or bolt. All 
tubes then were pushed forward to touch the front viewing window to obtain vertical 
alignment of the evaporator tubes. The backing plate was then tightened and the O- 


rings compressed. 


C. SYSTEM EVACUATION 

First of all, the system was isolated from the atmosphere using a Seargent Welch 
10 SCFM vacuum pump. Figure 2 displays necessary valves for system evacuation, 
freon removal or freon fill, According to this figure, the valves R-1 and R-8 were opencd 
and all other valves were closed during operation of the vacuum pump. Approximately 
three to four hours later, 29 inches mercury vacuum was reached. Valves R-I and R-8 
were closed, and the vacuum pump secured. The system was observed for at least 10 
hours with no noticeable pressure drop. Unfortunately, sometimes the vacuum could 
not be held at 29 inches mercury. Large leaks caused by the gasket of the boiler- 
condenser main flange were detected by using 15 psi air. Air was added thru valve R-2 
and the leaks were found using their sound. The foam detection technique can also bc 


used with air for smaller leaks. Some small leaks caused by the window gaskets or valvcs 


-Were detected using freon vapor and a sensitive freon detector. In this detection scheme, 


the system was filled with R-114 vapor up to 5-7 psi by using valve R-2. Then a freon 
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detector was used to find the leaks. After finding all the leaks and the vacuum was held 


for a suffcient time (at least 10 hours), the system was ready to be filled with freon. 


D. FREON FILL 

Only R-114 was used for the experiments. Once the cooling sump was cooled to a 
temperature less than -10 C using the 8 ton refrigeration unit which was described in the 
previous Chapter, both instrumented and auxiliary condenser pumps were turned on and 
both condensers were placed in operation to cool the system. At that time, the storage 
tank pressure was 13 psi and the system was under 29 inches mercury vacuum. Then 
valves R-6 and R-4, which are located at the bottom of the storage tank and at the back 
side of the boiler, were opened to start the transfer of hquid R-114. When the pressure 
of the storage tank and system was equal, transfer was complete. This pressure was 
between 5 and 8 inches mercury vacuum at the -20 C sump temperature. Both pumps 
were then secured and valves R-6 and R-4 were closed. The liquid level mark, which 
was scratched on the rear section of the evaporator wall (can be scen from upper view 
glass of the evaporator), was checked and additional freon was charged from the liquid 
side of the purchased cylinder container while the system was under vacuum. Again 


valve R-2 was used to fill additional freon. 


E. FREON REMOVAL 

R-114 had to be removed from the svstem for maintenance and tube replacement. 
A storage tank is available to store R-114 during these periods. 

While the sump tank temperature was being cooled to less than -10 C, valves R-7 
and R-8 were opened and the vacuum pump was turned on to put the storage tank under 
vacuum. When the vacuum reached 29 inches mercury, and the sump temperature was 
less than -10 C, the vacuum pump was stopped, R-8 was closed and coolant was pumped 
from the sump through the storage tank condenser. Valve R-1 was then opened and 
freon vapor reached the storage tank and condensed on the condenser coil. Actually this 
process takes more time than freon filling does, but if heaters are used to increase the 
vapor generation from boiler, the time can be reduced. If the heaters are being used, the 
system pressure must not exceed maximum design pressure (30 psi) and also the heaters 
must always be submerged in liquid. When the pressure of the system and storage tank 


was equal, the transfer was over. Valves R-1 and R-7 were then closed. 


Ze 


F. GENERAL OPERATION 

For operating the system, the first step was to run the 8 ton refrigeration unit for 
two hours which provided a sump temperature of -10 C or tess. The system pressure was 
12/13 psig and the saturation temperature of freon was much higher than the test satu- 
ration temperature, according to this pressure. A gradual increase of the cooling 
through the condenser was provided until a saturation temperature of 2.2 C was 
achieved at the beginning of each run. When the freon reached this saturation temper- 
ature, the saturation pressure was slightly below 0 psig. 

When saturation conditions were obtained and the system was stabilized at these 
conditions, the desired number of tubes were heated up to a surface heat flux of 70-100 
kw/? by using an adjustable rheostat. Boiling conditions were maintained for 30 min- 
utes. Decreasing heat flux runs Were then applied in steps as described in Chapter V. 
For each flux level, saturation conditions were maintained for at least five minutes by 
adjusting the coolant flow rate passing through the condenser. At least five minutes was 


necessary to make sure that system equilibrium was attained. - 


G. OIL ADDITION 

The mass of R-114 in the evaporator was calculated to be 60.3 kg at -15 C when it 
was filled up to the leve! mark. The experiments were made by using pure R-}14 and 
R-114 oil/mixtures. The required amount of oil was added to freon successively. One 
percent oil, 603 gr, was measured as 670 ml. Once the system pressure was reduced by 
at least 5 inches mercury vacuum by using the condenser cooling, the oil was poured into 
a measuring cup and a hose which was connected to valve R-3, was primed with oil. 
The open end of the hose was closed carefully and submerged into the oil without having 
any contact with air. The valve R-3 was opened and the oil was syphoned from the cup 
by vacuum. The scale of measuring cup was observed carefully to insure the correct 
amount of oil was added to the freon. Valve R-3 was closed after a sufficient amount 


of oil was syphoned. 


H. DATA-REDUCTION PROCEDURES 
The data reduction program “DRP4” was used as software in this investigation. The 
capabilities of the program were explained and the entire listing of the program was 


provided by Anderson [Ref. 3] in his thesis. 
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V. RESULTS AND DISCUSSION 


A. GENERAL DESCRIPTIONS 

The finned and High Flux tube bundles were tested in R-114 and R-114/Oil mixtures 
at a boiling temperature of 2.2 C and their respective performances were calculated. Six 
oil concentrations were used in this investigation: 0%, 1%, 2%, 3%, 6% and 10% by 
mass. 

The data sets were taken from five instrumented tubes which were numbered from 
top to bottom as 1, 2, 3, 4, and 5. Figure 8 shows the position of the instrumented tubcs 
in the bundle. 

All runs were performed using the same surface aging technique. In this technique, 
refrigerant was boiled for 30 minutes using a maximum power of 75-100 AIV/m? and data 
were taken in steps during decreasing heat flux to a minimum flux of 1-2 kIV/m?. Either 
ten or nine steps were used over this heat flux range and data were taken at each step. 
This surface aging technique closely simulated a continuously operating air-conditioning 
system. This decreasing heat flux served to eliminate the hysterisis effects that occur in 
nucleate boiling. 42 runs were performed for each tube type and the results were stored 
as data and plot files. File names were used to identify tube tvpe, oil amount in freon. 
run type and the number of tubes used. Each file name starts with either “IN” or “ILI” 
which represents finned and High Flux tube types respectively. The letter “D” indicated 
a run utilizing a decreasing heat flux. One or two numbers after these letters show the 
percentage oil in freon by mass and the last number stands for the operated number of 
tube. The last number varies from one to seven, six and seven representing whole bundle 
and bundle plus five simulated tube rows in operation, respectively. For example, file 
“HFD35”" represented High Flux tubes, decreasing run, three percent oil in freon and five 
instrumented tubes in operation. Plot file names were created just utilizing the letter “I” 
in front of the data file name. The complete file names and details about files are shown 
in Table 8 in Appendix A. 

All graphs, with one exception, were plotted as heat flux versus wall superheat in 
this Chapter. Heat flux was obtained by dividing electrical power output by surface 
area. Root diameters were used to calculate surface area of finned and High Flux tubes. 
- The wall superheat was the difference between the outside tube temperature and the 


saturation temperature. The inside tube temperature was obtained froin the average of 
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six thermocouple readings and the temperature drop across the wall thickness was cal- 
culated. Then tube outside temperature was obtained by subtracting the temperature 
drop from the tube inside temperature. This is shown in Appendix B. 

Even though the same technique was used to manufacture both the finned and High 
Fiux tubes, the temperature variations on the finned tube wall were more homogeneous 
than the High Flux tubes. As a natural result of this, larger uncertainities were associ- 
ated with high flux tube data. Tables 3 and 4 show the thermocouple temperature 


readings on the walt of the finned and High Flux tubes respectively.! 


Table 3. FINNED TUBE WALL TEMPERATURE READINGS FROM 6 
THERMOCOUPLES AT A HEAT FLUX OF 90 KW/AP 


(GC) (C) (C) (C) & (©) (C) 
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Table 4. HIGH FLUX TUBE WALL TEMPERATURE READINGS FROM 6 
THERMOCOUPLES AT A HEAT FLUX OF 75 KW/ALP 
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B. R-114 BOILING FROM FINNED TUBE BUNDLE 
The performance of a single finned tube within the bundle (but with no other tubcs 
on) is shown in Figure 9 with typical uncertainty bands in wall superheat. The uncer- 


tainties in wall superheat were calculated as + 20 % and + 5.5% for low and high heat 


1 -99.99 was used to indicate a defective thermocouple. 
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flux levels respectively. Figure 10 shows the variation of tube number one performance 
with an increasing number of heated tubes in the bundle. Whien the top two tubes were 
operated, tube number one was influenced by tube number two and its performance in- 
creased markedly, especially at low heat flux levels. The reason was the convective effect 
on the upper tube by the bubbles created from the lower tube. Performance of tube 
number one continued to increase with the addition of tubes three, four and five. A 
second significant increase was observed when the bundle was operated. The side bundle 
tubes became active and produced bubbles. The instrumented tubes were influenced by 
the bubbles, produced by the bottom tubes and the side bundle tubes. A very dense 
bubble flow was created around the tubes and the convective effect of the bubbles in- 
creased the heat transfer. The effect of simulated tubes on the top tube was not extreme. 
Maximum enhancement was obtained at the lowest applied heat flux level (1.54 }V/17). 
The influence of the lower bundle of heated tubes disappeared above a heat flux of 50 
kIV/m? where all the data converged. The performance of each tube in the bundle was 
increased by increasing the number of heated tubes below them. The performance 
curves of each instrumented tube in the bundle also converged at large heat fluxes. 
Figure 11 shows the performance curves of the five mstrumented tubes during bundle 
Operation and indicates the above result. Simulation heaters were used to simulate 5 
additional rows of tubes mm the bundle but their effect was not significant, especially for 
the upper instrumented tubes. Figure 12 gives the performance results of bundle opcer- 
ation with the addition of the simulation heaters. Notice that the obtained curves arc 
similar to the bundle operation curves given in Figure Il. The performance enhance- 
ments due to the bundle operation Were calculated using the ratio of the average bundlc 
heat transfer coefficient to the single tube heat transfer coefficient. They were obtained 
as 0.96, 1.45, 1.92 for a heat flux of 70, 10 and 4 kW/n? respectively. The enhancement 
effect of the bundle was nearly zero for high heat fluxes and the performance of the 


bundle approached that of the single tube. 


C. R-114/0IL MIXTURES BOILING FROM FINNED TUBE BUNDLE 

The effect of oil additions to top tube performance of the bundle was compared with 
single tube performance in pure R-114. After a 1% oil addition, the top tube perform- 
ance increased significantly over the entire heat flux range. Single tube operation with 
various oil concentrations (up to 10%) showed that the performance was always bettcr 
‘than no ou condition. Above a heat flux of 10 AlV/mr’, the increased performance was 


observed up to 3% oil. In other words, maximum enhancement was obtained with 3% 


fo 


oi and at the maximum heat flux. The wall superheat decreased around 2 K in this 
condition. For 6 and 10% oil addition, performance slowly decreased if compared with 
3% oi performance but it continued to be better than pure R-114. Figure 13 shows the 
variation of the performance of tube number one with various oil concentrations. 

The bundle results were nearly parallel to the single tube results. Overall bundle 
performance increased up to a 3% oil addition. 6% and 10% oil concentrations showed 
better bundle performance above a heat flux of 10 AlV/n?. Below this heat flux, bundle 
performance deteriorated. The top tube performance from bundle operations of each 
oil addition closely follows the above trends and it was plotted in Figure 14 and used to 
represent the overall bundle performance relatively. [leat transfer results of the bundle 
are shown for R-114 with each oil addition in Figure 15 through Figure 19. Bundle heat 
transfer coefficients and enhancement ratios for pure R-114 and R-114/oil mixtures are 
tabulated in Tables 5 and 6 for smooth tubes (from Anderson [Ref. 3]) and finned tubes 
respectively. The enhancement ratios for the bundle were obtained by dividing the ay- 
erage bundle heat transfer coefficient for a R-114/O:l nuxture to the average bundle heat 
transfer coeflicient for pure R-114. A heat flux of 30 kW/m? was chosen for calculation 
because this value is near actual refrigerant evaporator conditions and the enahncement 
ratio due to the oil concentration was always bigger than unity. Therefore, oil contam- 
ination actually assists in heat transfer at this level of heat flux. 

During bundle operation above a heat flux level of 50 kIV/m?, the ordinary bubble 
flow pattern was not observed. Instead, bubbles around the tubes fluctuated up and 
down in an oscillatory fashion with a certain frequency due to fluid motion in the 
kettle-reboiler. This fluctuation was significant at the bottom tubes of the bundle and 
became more observable with inceasing oil contamination. Once the bubbles were 
produced, they could not rise freely and stayed around the tube for a short period of 
time. Therefore a negative effect of this kind of bubble behaviour to the performance 
was expected but no significant deviation was recognized in performance (ie. the slope 
of the performance curves did not change significantly between heat flux levels). An- 
other observation from R-114/Oil mixtures was the existance of foaming. Foaming was 
increased by increasing heat flux, the number of heated tubes and the oil amount. The 
above discussion indicates that the bundle performance increased at the high heat flux 


levels. This can be partly related to increased foaming and higher flow circulation rate. 
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Figure 8. Position of Instrumented Tubes in the Tube Bundle 
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Figure 9. Single Finned Tube Performance in R-114 within Finned Tube Bundle 
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Figure 10. Performance Variation of Tube Number One in R-114 when Influenced 


by Increasing Number of Heated Tubes in Finned Tube Bundle 
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Figure 11. Heat Transfer Performance Results of Finned Tube Bundle in Pure 
R-114 
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Figure 12. Heat Transfer Performance Results of Finned Tube Bundle with Simu- 


lation Heaters in Pure R-! 14 
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Figure 13. Performance Variation of Tube Number One with Variation of Oil 
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Figure 14. 
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Performance Variation of Tube Number One with Variation of Oil 
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Figure 15. 
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Heat Transfer Performance Results of Finned Tube Bundle with 1% 


Oil Concentration 
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Figure 16. Heat Transfer Performance Results of Finned Tube Bundle with 2'% 


Oil Concentration 
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Figure 17. Heat Transfer Performance Results of Finned Tube Bundle with 3% 


Oil Concentration 
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Figure 18. 
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Figure 19. 
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D. R-114 BOILING FROM HIGH FLUX TUBE BUNDLE 

Reilly (Ref. 18] tested the single High Flux tube performance in R-114 and R-114/Oll 
mixtures with a boiling temperature of -2.2 C. The result of his investigation for purc 
R-114 was plotted and compared to the result of this investigation. Figure 20 illustratcs 
the variation of heat transfer coefficients with the heat flux. LReilly’s result was better 
and the curves were nearly parallel along the the entire heat flux range. 

If the surface of the High Flux tubes is examined closely, the potential for a very 
high nucleation site density can be seen. These fine and dense nucleation sites causc 
numerous small bubbles. This high rate of bubble production creates a bubble coating 
around the tube surface. In bundle operation, bubbles produced from the lower tubes 
were not able to penetrate the upper tube bubble coating. Therefore, the convective 
effect of the rising bubbles was automatically eliminated. As a result, performance en- 
hancement due to bundle operation was not noticeable for High Flux tubes. The con- 
clusion given above can be obscrved in Figure 21. This figure shows the top tube (tube 
#1) performance variation with increasing number of heated tubes in the bundle. AIl- 
most the same curve was obtained from each different run. Consequently, the average 
bundle heat transfer performance approached the single tube pcrforinance since all 1n- 
Strumented tube performances remained nearly the same for different operations in the 
bundle. During bundle operation, the performance of tubes three and four seemed to 
diverge with increased heat flux. This behaviour can be related to increasing teimper- 
ature differences between thermocouple readings on these tubes due to a nonhomogc- 
neous distribution. Figure 22 displays the tube performances in the High Flux tube 
bundle. The effect of simulation heaters was negligible on the High Flux tube bundle 


performance and the bundle run with simulation heaters is shown in Figure 23. 


E. R-114/0IL MIXTURE BOILING FROM HIGH FLUX TUBE BUNDLE 
A single tube run was performed for each oil concentration and plotted. Figure 24 
shows the performance variation of the top tube with various oil concentrations. With 
“% oil addition, the performance response of the tube was immediately negative for all 
heat flux applications. Approximately 1 K increase was observed in the wall superheat. 
The performance curve stayed almost the same when 2% and 3% oil was added. Thic 
performance of the tube decreased significantly above a heat flux of 30 AIV/n? with 6% 
oil and continued to decrease with 10% oil. There are not too many documented ex- 
perimental results about the performance of High Flux tubes in R-114/Oil mixtures. 


Almost the same conclusions were obtained by Grant et al. [Ref. 15], froma single High 


4\ 


Flux tube in R-113/Oil mixtures. Wanniarachchi et al. (Ref 2] examined the [igh Flux 
tube performance in R-114/Oil mixtures and their results were parallel to the discussed 
results. [heir discussion was valid about the degradation of High Flux tube performance 
with increased oil concentration. They indicated that a decrease in boiling performance 
at high heat fluxes and high oil concentrations may be a result of the creation an oil-rich 
laver within the boiling pores of the porous coating. The oil concentration within the 
pores must be larger than in the bulk liquid simply because from the mixture that nu- 
grates into the pores, where the actual boiling occurs, the R-114 liquid vaporizes leaving 
behind the oil. In this manner, the larger concentration of oil within the pores creates 
diffusion of oil back into the bulk mixture. Ata steady-state condition, the mass of oil 
nugrating into the pores with the bulk mixture balances the mass of oi] diffusing back 
into the bulk. Therefore, the oil concentration within the pores is strongly dependent 
on the bulk oil concentration and the heat flux. 

In bundle operation, all tubes showed a similar performance variation with oil 
concentration as mentioned for the top tube. The performance variation of the top tube 
can again be used as a representative of the average bundle performance variation under 
these circumtances. The High Flux tube bundle heat transfer coefficients for each oil 
addition and enhancement ratio are displaved in Table 7. Unlike for smooth and finned 
tubes, the presence of oil decreases the heat transfer performance of the High Flux tube. 
The fluctuation of produced bubbles was observed in High Flux tube bundle operations 
also. The frequency of fluctuation was higher than for the finned tube bundle due to 
higher flow circulation rate caused by a higher bubble production rate. [t became more 
observable with increased oil concentration and no significant effects were obtained on 
performances due to this flow circulation. Figures 25 through 29 shows the performance 


variation of the High Flux tube bundle with variation of oil concentration. 


F. PERFORMANCE COMPARISON OF THE FINNED, HIGH FLUX AND 
SMOOTH TUBE BUNDLES | 

Heat transfer coefficients of tube bundles were considered to be a function of a 
nucleate boiling component and a convective component. The convective effects on the 
smooth tube bundle were very large compared to nucleation effects at low heat flux 
levels. However the nucleation effects on the finned tube bundle were much higher than 
the smooth tube bundle at the same heat flux due to the fin cavities (ie. interfin spaces). 
The heat transfer process inside the cavity can not be easily influenced by outside 


convective effects. At higher heat fluxes, the heat transfer process was generally gov- 
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erned by nucleation in the finned tube bundle. Fujita et al. [Ref. 19] indicated that 
nucleation and convection effects each have their own area of influence for the High 
Flux tube type. If the nucleation site density 1s small, then the area available for 
convective effects will be large. Because of excellent nucleation characteristics of the 
porous surface, the nucleation site density will be very large and, hence, little area will 
be available for convective effects even at low heat fluxes. 

The experimental results of the smooth, finned and High Flux tube bundles verify 
the preceding discussion. The performance of the single tubes was plotted in Figure 30. 
It is clear that the best performance curve was obtained from High Flux tube due to the 
benefit of nucleation. The finned tube performance was better than the smooth tube as 
expected. Figure 31 displays the performance variations of the top tubes during bundle 
operation in pure R-114. Notice that the bundle effect with the Fligh Flux tube was 
negligible compared to the finned and smooth tubes. The average bundle heat transfer 
cocfficients of each individual tube set were tabulated for various oil concentrations in 
Tables 5, 6 and 7. The chosen heat flux was 30 kW/ wn’. Even though the performance 
of the High Flux tube bundle decreased with increased oil concentration, it displayed 
better performance than the finned and smooth tube bundles up to a 10% oil mixture. 
Ilowever, when this particular heat flux was exceeded, the best performance was ob- 
tained from the finned tube bundle with 10% oil addition. Figure 32 gives this result 
showing the performance of High Flux, finned and smooth tube number one during 


bundle operation with 10% oil. 
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Table 5. BOILING HEAT TRANSFER COEFFICIENTS AND ENHANCE- 
MENT RATIOS FOR SMOOTH TUBE BUNDLE AT A HEAT FLUX 
OF 30 KW/AP | 


(kK W/n??K) Ratio 
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Table 6. BOILING HEAT TRANSFER COEFFICIENTS AND ENHANCE- 
MENT RATIOS FOR FINNED TUBE BUNDLE AT A HEAT FLUX 
OF 30 KW/ARP 


% Oil Bundle h ~ Enhancement 
(kK W/107? K) Ratio 
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Table 7. BOILING HEAT TRANSFER COEFFICIENTS AND ENHANCE- 
MENT RATIOS FOR HIGH FLUX TUBE BUNDLE AT A HEAT 
FLUX OF 30 KW/AP. 
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Figure 20. Single High Flux Tube Performance in Pure R-114 within High Flux 
Tube Bundle 
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Figure 23. Heat Transfer Performance Results of High Flux Tube Bundle with 


Simulation Heaters in Pure R-114 
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Figure 24. Performance Variation of Tube Number One with Variation of Oil 


Concentration in High Flux Tube Bundle 
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Figure 27. Heat Transfer Performance Results of High Flux Tube Bundle with 3% 
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Figure 28. Heat Transfer Performance Results of High Flux Tube Bundle with 6% 


Oil Concentration 
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Figure 30. Comparison of High Flux, Finned and Smooth Single Tube Perform- 


ances in Pure R-114 
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Figure 32. Comparison of High ii lux, Finned and Smooth Top Tube Performances 


during Bundle Operation with 10% Oil concentration 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The finned and High Flux tube bundles were tested during boiling in R-114 and 
R-114/Ouil mixtures. Considering the obtained heat transfer results of each type of tube 
set, the following conclusions were reached. 

1. The performance of the finned tube bundle was determined to be approximately 
twice as good as the single tube. This 1s a result of a positive bundle effect. 

2. Oil addition affected the finned tube bundle performance positively, particularly 
at high heat fluxes. Bundle performance increased 2.5 times with 3% oil contamination 
compared to pure R-114 at the maximum heat flux level. At low heat flux applications, 
the positive effect is diminished. For 6% and 10% oil concentrations, the performance 
of bundle was decreased slightly below the pure R-114 condition. 

3, Each individual High Flux tube performance was not affected by increasing tlic 
number of heated tubes in the bundle. The bundle effect for the High Flux tube was 
negligible, therefore the bundle performance approached the single tube performance. 

4. The effectiveness of the High Flux tube bundle degraded with increased amount 
of oil. The degradation was significant at a high heat flux and with 6% and 10% oil 
concentrations. Ata heat flux of 30 kW/m? 28% and 47% degradation from pure R-114 
was observed for 6% and 10% oil concentrations respectively. 

5. The best bundle performance was obtained from the Eigh Flux tubes. [ft was 6.4 
and 2.5 times better than the smooth tube and the finned tube bundle performances at 
a heat flux of 30 KW/i, respectively (in pure R-114). These performance ratios de- 
creased with increased oil concentrations. Above a heat flux of 30 kW/m’, the per- 


formance of the finned tube bundle became better in 6% or greater oil concentrations. 
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B. RECOMMENDATIONS 

|. The tube fabrication technique should be examined more fully in order to get a 
more uniform temperature distribution along the tube wall. 

2. The temperature distribution along the cartridge heater should be determined and 
a nonuniform temperature distribution should be accounted for. 

3. The fourth thermocouple on the tube number four displayed a defective reading 
(Channel 62) for each tube set run. There are 30 total thermocouples on the instru- 
mented tubes. With this in mind, the possibility of defectiveness from a thermocouple 
itself can be highly reduced. Therefore, the junction of thermocouple wires up to the 
data reduction unit and the channel number 62 should be checked. 

4. The method for oil addition should be improved in order to facilitate easier, more 
accurate and safer oil addition to the freon. 

5. The data reduction program “DRP4” can be modified to alert the operator when 
the critical heat flux for freon decomposition is exceeded. This will help eliminate op- 
erator faults. 

6. [he observed bubble fluctuations at high heat fluxes during bundle operation 
should be examined and compared with real applications. 

7. The negative effects of oil at low heat fluxes for the finned tube bundle operation 
should be investigated and the reasons should be clarified. 

8. The air circulation in the experiment room should be increased to eliminate the 


negative effect of freon vapor to the human body. 
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APPENDIX A. LISTING OF DATA FILES 


Table 8. DATA FILE NAMES OF THE FINNED AND HIGH FLUX TUBE 
RUNS 


File Name File Name 
(Finned) (H. Flux) 
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of Ac- of Sim- 
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20 
20 
20 
20 
20 
20 
20 
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|__ 18 
_FIND26_ | HFD26_ | 18 
_FIND27_ | HFD27_ | 18 
__FIND36_| HFD36__| 18 


2 
5 
5 
2 
3 
5 
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Table 8(contd.). DATA FILE NAMES OF FINNED AND HIGH FLUX TUBE RUNS 


HFD63 


HFD37 
HFD6OI 
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3 
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ber [1s 
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APPENDIX B. SAMPLE CALCULATIONS 


A test file was created and the data of tube number two from the High Flux tube 
bundle was used for sample calculations and program validation. 
1. Test tube dimensions 


, = 15.8 mm 


D, = 11.6 mm 
D,. = 10.6 mm 
L = 203.2 mm 
L, = 25.4 mm 
2. Measured parameters 
Tl = 3.90 C 
T2 = 3.69 C 
T3 = 3.99 C 
T4 = 4.37 C 

; TS = 4.29 C 
T6 = 4.10 C 
Tidl = 2.16 C 
Tid2 = 2.19 C 
Aas = 2.24 V 
Vas = 2.11 V 


3. Calculations 


The heater power is calculated as 
q = Vas x Aas x 60 x 1 (B.1) 


The multiplication factors of the volt and amp sensors are 60 and | respectively, then 


g=2.11 x 2.24 x 60x | 
g = 283.58 W 


The tube inside wall temperature is obtained from the average value of six 


thermocouple readings. 
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6 ; 
Ty =e x » Tn (B.2) 


Ty = 7~— X (3.90 + 3.69 + 3.99 + 4.37 + 4.29 + 4,10) 


T,, = 4.06 C 


The tube outside temperature 1s calculated using Fourier’s conduction term and the 


tube inside wall temperature. Uniform radial conduction is assumed in the tube wall. 


D 

D> 

ee ee Ca 
2xnaX ky, x L 





q x In( 


ToT (B.3) 


where k,, is thermal conductivity and is calculated at 7. as follows 


ky = 434.0 — (0.112 x T,)_ x) (B.4) 
key = 434.0 — (0.112 x 277.21) 


IV 
key = 402.95 = 


now, 

15.8 
283.58 x In(4==—) 
2x 2 x 402.95 x 0.2032 





Tyo = 4.06 — 


Tyo = 3.84 C 


The liquid saturation temperature at the top of the tube bank is 


_ Tld\ + Tld2 


Tat = 5 (2:5) 


2.16 + 2.19 
Tyg = OE 


asc 
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In order to calculate the local saturation temperature for each tube, small cor- 
rections are needed due to the hydrostatic pressure difference between the tube location 


and liquid free surface. This difference is calculated for tube two by 
AP=pxgxh, (B.6) 
AP = 1521.47 x 9.81 x 0.0452 
AP = 674.64 Pa 


For 647.64 Pa pressure difference correct saturation temperature is found by adding 
O.181 C (from standart tables for R-114) to T7,,,. It becomes 


Tear = 2-1/9 + O18! (B.7) 
(a SGC 

and the wall superheat becomes 
AT = Tyo — Tate | (B.8) 
AT = 3.84 — 2.36 
AT=1.48C 


The test tube is 12 inches long and only the middle section of 8 inches is uniformly 
heated leaving a l-inch and 3-inch long unheated section at either end. The 1 and 3 inch 
unheated lengts behave as fins in the heat transfer process. The following procedure is 
applied to the unheated ends of the tubes. Calculations are shown for the one inch 
length only. 

Heat transferred from the unheated end is calculated as heat from the base of a fin: 


dp = (hy X PX kg, X As)” x AT x tanh(n x L,) (B.9) 
where 
p=2xD, (B.10) 
p=49.64x 102m 
and 


A, =“ x (Do — Dj) (B.11) 


A, = "a x (0.01587 — 0.01167) 


A, = 90.38 x 107° m’? 


— 


The corrected length of unenhanced surface at the end can be calculated as 


L,= by +> (B.12) 
0.0158 — 0.0116 
L. = 0.0254 + eee 
L. = 0.0264 m 
MWyXP 95 : 
ol G aya (B.13) 


h, is the natural convection heat transfer coefficient of the finned-like ends and can be 
calculated using Churchill-Chu [Ref: 20] correlation for natural convection from a 


smooth horizontal cylinder, which was modified by Pulido [Ref. 21]. 


gx Bx D3 x AT x tanh(n x L,) 1 
VieGoe ex Ti | 


: (B.14) 
1+ (232 yieyar 


An iteration technique is necessary to calculate 4,. The physical properties are calcu- 
lated at the vapor mean film temperature which is 
a 
Tfiln =— (B.15) 


ICSE ke 


Tfilm = 3.008 C 
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or 
Tfilmy = 276.16 K 
then for R-114 


1011.47 


p= exp —4.4636 + ( T filmy 


)] x 1077 


k 
-6 K§& 
u = 448.9 x 10 eee 


cp = [0.40188 + Tfiley x (1.65007 x 107° + 1.51494 x 107° 
x Tfilmp — 6.67853 x 107'° x Tyfilmz)] x 10° 


“ ma 
cp = 959.03 Fe 


} 
0 = 16.0184533 x (36.32 + 61.146414 x W3 + 16.418015 x w 


] 
+ 17.476838 x w2 + 1.119828 x w’) 
where 


1.8 x Tfilmy 


Vis eat 753.93 


w = 0.3407 


and 


ok 
p = 1520.96 —— 
A 
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(B.16) 


(B.17) 


(B.18) 


(B.19) 


where 


then 


k = 0.071 — (0.000261 x Tfilm) (B.20) 


k = 0.071 — (0.000261 x 3.008) 


W 
k = 0.070215 oe 


H : 

Pr = Cp X (B.21) 
7 448.9 x 107° 

ee 

Fe Ons 


Dee 2908 me 08 | 5 
— 7 |; a (B22) 


3 08a 1520.68 


g = —t_ ,, 1521.24 = 1520.68 
1520.96 0.2 
= aye 
B = 1.831 x 10 R 
yas (B 23) 
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, — 448.9 x 10 
~ 1520.96 


2. 
v= 295.14 x 107” 


k | 
a= pxG, (B.24) 


y= 0.070215 
~ 1520.96 x 959.03 


2 
a= 48.14 x 107? “— 


Using the above calculated physical properties, h, is obtained by iteration 





W 
hy, = 155.58 a 
and 
9 = (hy X PX key X Ag)” x AT x tanh(n x L,) 
becomes 


gy = (155.58 x 49.64 x 10° x 402.95 x 90.38 x 107°)” 


155.58 x 49.64 x 107° 


x 1.48 x tanh] ( = 
402.95 x 90.38 x 10 


>? x 00268 


gy = 0.2877 W 


The corresponding result for the three inch long end is obtained as 





W 
(a eC ae, 
; mK 


q = 0.569 W 


The heat transferred from heated portion ts calculated as follows 
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gq = 283.58 — 0.569 — 0.2877 (B.25) 
gq = 282.72 IV 


Then the heat flux and heat transfer coefficients are obtained from 
: qd 
——4 ES B. 26 
q A, ( ) 


» ___ 282.12 
: mx DX L 


ni 282.72 
1 "a x 0.0158 x 0.2032 
y= 28x 108 
m 
7’ 
= —— B.27 
h= 75 (B.27) 
j — 282.72 x 10° 
~ 7,48 
h = 1.89 x 10* 
mK 
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APPENDIX C. UNCERTAINTY ANALYSIS 


A method to predict the uncertainty of single sample measurements was suggested 


by Kline and McClintock [Ref 22] using a second order equation. If 
R= R(X 1, X24.0--Xp) (C.1) 


then the uncertainty in R, (dR), is given as follows 


_ OR 2 OR 2 OR 2 |4 a 
sn | ( ae 1) +( as, ix, ] esse ( om ix] i (C2 


where, 0x,..0x%..0e , Ox, are Uncertainties in the n variables. The heat transfer coeffi- 


cient is given by 


- (C.3) 
Ay x Ce a sat) 


The outer average wall temperature (7,,) was obtained from following equation where 


[,, shows the average inner wall temperature which was measured by the wall 


thermocouples. 


In( 2) 
xX in 
—_ D; 


Two = Twi — 2 TG kee 





(C.4) 


In equation C.4, the second term on the right is called the Fourier conduction term. 
Let us define this term as 


D, 
ES 


0) (C3) 


7 2xnxky,xL 


and 
AT = Tyo Tat (C.6) 


The uncertainty in the heat transfer coefficient is obtained from the following equation 
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0A, 4 Ou, 2 dD .2 On, 3. a 
ee tae (C7 








bh Oq 
aa cae 


where 
G— ) oa (Gas) 
i No LN (C.9) 
q V [ ) 
where ao and ft are given accuracy of sensors which were used in experimentation. 


Calculation of surface area and the uncertainty of it were given as 


A,=axD,xL (C.10) 





OA dD at 
=| Se ee (C.11) 


A, 


OD, ; . ; . . 
aaa and oh are estimated quantities.2 The uncertainty calculation of the Fourier con- 


_ duction term is given below. 


5D DL Gl OMT py, Cle : 
e-| + a) +(Eyp (C.12) 


‘ 


k., was calculated using below equation 
ky = 434.0 — (0.112 x T,,,_x) (C.13) 


sO uncertainty in k,, can be found as 


= ,) al. 
Wen (Onl 1 elie ay 2 (C.14) 


2 Work-shop device and human error in length and diameter measurements. 
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6T.,, and 6T.,, were obtained using uncertainties in the thermocouple readings.3 The av- 
erage wall inside temperature 7T,, was obtained by taking average of six wall 


thermocouple readings. The uncertainty in this temperature was calculated as 
ST y= | 6x (SES = yf (C.15) 


and saturation temperature was obtained from everage of two liquid thermocouples 


reading and uncertainty in this temperature was calculated from following equation.4 
a is Gi nee ap (CNG 


Using the above explanation, an uncertainty analysis was performed. File 
“FINDOI” was used as the data source for the analvsis. The high heat flux level was 
chosen to be 9.43 kW/»1? and the low heat_flux level was 1.69 kW/m? for the tabulated 


results in Table 9. 


3 The uncertainty in type-T copper-constantan thermocouple reading 6TC was obtained as 
+ 0.5 C from “Omega 1987 Complete Temperature Measurements Handbook pp. T-37”. 
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4 Since the saturation temperature was very low, 
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Table 9. UNCERTAINTY ANALYSIS RESULTS 


Variable High Heat Flux Low Heat Flux 


Gr 
~~ 

! 
> 
= 
n 
= 
> 
oS 
n 





GS Gn 
QO 
KO 
2 
i 
QO 
S 
aes 
4 





Mn } 
6 l= PIN SS 
2 : : 
= S = 
vo) 2 a ra) 
S > a => 
=) oO nN a 
to na ce is 
B 
> = oS ~ S 
= = ‘ < = ¢ : 
S oS in = tO 
ro i ond rs 
B 


[ 
co 
GN 
ON 
= 
NO 
a) 


LIST OF REFERENCES 


Nishikawa, K. and Ito, T. Augementation of Nucleate Boiling Heat Transfer by 
Prepared Surfaces, Japan-United States Heat Transfer Joint Seminar, Tokyo, Sep- 
tember, 1980. 


Wanniarachchi, A.S., Marto, P.J. and Reilly, J.T. The Effect of Oil Contamination 
on The Nucleate Pool-Boiling Performance of R-114 from a Prous-Coated Surface, 
ASHRAE Transactions, vol. 92, Part 2, 1986. 


Anderson, C.L., Nucleate Pool Boiling Performance of Smooth and Finned Tube 
Bundles in R-113 and R-114/Oil Mixtures, Master’s Thesis, Naval Postgraduate 
School, Monterey, California, June, 1989. 


Chongrungreong S., Sauer HH. J., Nucleate Boiling Performance of Refrigerants and 
Refrigerant-Oil Mixtures, Journal of Heat Transfer, Vol. 102, pp. 701-705, No- 
vember 1980. 


Fujita Y., Ohta H., Hidaka S., Nishikawa K., Nucleate Boiling Heat Transfer on 
Horizontal Tubes in Bundles, Proc. 8" IHTC, San Francisco (1986), pp. 2131-2136. 


Mikic, B. B. and Rohsenow, W. M., A New Correlation of Pool-boiling Data I[n- 
cluding the Effect of Heating Surface Characteristics. Journal of Heat Transfer 91 
(1969), pp. 245-250. 


Chen Q., Windisch R., Hahne E., Pool Boiling Heat Transfer on Finned Tubes. 
Eurotherm No.8, Advances in Pool Boiling Heat Transfer, Paderborn FRG, May 
11-12 1989. | 


Danilova, G. N., Dyundin, V. A., Heat Transfer with Freons 12 and 22 Boiling at 


Bundles of Finned Tubes. Heat Transfer Soviet Research, Vol. 4, No. 4, July-August 
1972. | 


74 


ve 


We 


13. 


14. 


Sauer, H. J., Davidson, G. W., Chongrungreong, S., Nucleate Boiling of 
Refrigerant-Oil Mixtures from Finned Tubing, National Heat Transfer Conference, 
Orlando, Florida, July 27-30, 1980. 


Yilmaz, S. and Palen, J. W., Performance of Finned Tube Reboilers in Hydrocarbon 
Service, ASME Paper NO. 84-HT-91, 1981. 

’ 
Hahne, E. and Muller, J., Boiling on a Finned Tube and a Finned Tube Bundle; Int. 
J. Heat Mass Transfer. Vol, 26, No. 6, pp. 849-859, 1983. 


Yilmaz, S., Hwalek, J. J. and Westwater, J. W., Pool Boiling Heat Transfer Per- 
formance for Commercial Enhanced Tube Surfaces, ASME paper No.80-HT-41, 
Orlando, July 1980. 


Marto, P. J. and Lepere, V. J., Pool Boiling Heat Transfer from Enhanced Surfaces 
to Dielectric fluids, Journal of Heat Transfer, Vol. 104 (May) pp. 292-299. 


Sawyer, L. M., Jr., The Effects of Oil Contamination on the Nucleate Pool-Boiling 
Behavior of R-114 from Enhanced Surfaces, Master's Thesis, Naval Postgraduate 
School, Monterey, California, December, 1986. 


Grant, I., Hewitt, G., F. and Qureshi, J., Pool Boiling of R-113/Oil mixtures on a 
High Flux Tube Euroterm No. 8, Advances in Pool Boiling Heat Transfer, 
Paderborn, FRG, May I1-12, 1989, pp. 169-172. 


Murphy, 1.J., Pool Boiling of R-114/Oil Mixtures from Single Tube and Tube Bun- 
dles, Master’s Thesis, Naval Post Graduate School, Monterey, California, Septein- 
ber 1987. 


Freon Product Information, “freon” Flurocarbon Properties and Applications, by 
Dupont, p. 4, 1975. 


Reilly, J. T., The Influence of Oil contamination on Nucleate Pool Boiling Behaviour 


R-114 from a Structured Surface, Master's Thesis, Naval Postgraduate School, 
Monterey, California, March 1985. 


ie 


Sr 


20. 


21. 


Lz 


Fujita, Y., Ohta, H., Yoshida, K., Hidaka, S., and Nishikawa, K., Nucleate Boiling 
Heat Transfer in Horizontal Tube Bundles (1st Report; Experimental Investigation 
on Tube Bundle Effect), Memoirs of the Faculty of Engineering, Kyusu University, 
Vol. 44, No. 4, pp. 427-446, 1984. 


Churchill, S. W., Chu, F. H. S., Correlating Relations for Laminar and Turbulent 
Free Convection from a Horizontal Cylinder, International Journal Heat Mass 
Transfer, Vol. 18, pp. 1049-1070, 1975. 


Pulido, R. J., Nucleate Pool Boiling Characteristics of Gewa-T Finned Surfaces in 
Freon-113, Master's Thesis, Naval Postgraduate School, Monterey, California, 


September 1984. 


Kline, S. J.. McClintock, F. A., Describing Uncertainties in Single Sample Exper- 
iments, Mechanical Engineering, p. 3, 1953. 


76 


Q. 


10. 


INITIAL DISTRIBUTION LIST 


Defense Lechnical Information Center 


Cameron Station 
Alexandria, VA 22304-6145 


Library. Code 0142 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Department Chairman, Code 69 


Department of Mechanical Engineering 


Naval Postgraduate School 
Vlonterey, CA 93943-5000 


Professor Paul J. Marto, Code 69Mx 


Department of Mechanical l:nginecring 


Naval Postgraduate School 
Monterey, CA 93943-5000 


Mr. R. Llelmick, Code 2722 
David Taylor Research Center 
Annapolis, Maryland 21402-5067 


feet lanralian, Code 2/22 
David Taylor Research Center 


Annapolis, Maryland 21402-5067 


Nir. A. Smookler 

Bey ol\ (Code 051832) 
Departinent of the Navy 
Washington, D.C. 20362-5101 


ize eC orpo 

Ivy olee\ (Code 56Y])3) 
Department of the Navy 
Washington, D.C. 20362-5101] 


Mr. Bruce G. Unkel 
NAVSEA (Code 30Y15) 
Department of the Navy 
Washington, D.C. 20362-5101 


Dz. Kd. Utgm. Nezith Akcasayar 
Cinar Mah. 34. sokak No: 9 
Camara iZnuir /) 1URKEY 


7] 


Ze 


. Copies 


2) 
dow 


Deniz Kuvvetler: Komutaniigi 


Personel Daire Baskanligi 
Bakanhklar-Ankara / TURKEY 


Deniz {larp Okulu Komutanligi 
Tuzla - Istanbul / TURKLY 


Ortadogu Teknik Universitesi 
Makina Muh. 
Ankara / TURKEY 


Istanbul Teknik Universitesi 
Makina Muh. 
Istanbul / TURKEY 


Dokuz Eylul Universitesi 
Makina Muh. 
Izmur / TURKEY 


78 




















Nucleate oN wT performance of fin 





Biaeg satis TR. bY 
whi 


, s a i ay 1 * ) c ‘ ao % oie 
a ne SONS et “8 ‘ ? 

mah g' S54, ohn. nae Ley ches eg 3 i me 5 a ‘ : “i e ‘ = ‘. e : ‘ 

Uehsr aire had? © ty? 4 t * > : f * Gs W ; 

ee ‘esta Bi 6 1% tan} & gape > rs 2 es | a 

ler, te i Lyte ; 3 tens . A ? . ¥ a HF | 

parte y canted bi ays ares f . Lire.) ag #- a; = ¢ | | | | 

a rt pete 2 ’ : f * . a t | : 

aA aurseny mar) ea aren To : “\, 2 ; 1 [Se 5 | Leese 
ANY | a 


pat tare ee ny DiS a CO 3 2768 000 89077 6 : - 
Ba ey pag aw Garett ae ds DUDLEY KNOX LIBRARY ih Lo | 


1 
debe roich: wih Dt) mm yt | 


& 


f,h0 hy & bi weet yay ahr dé bath" 
inf as fs 
rat te HES hy roa 



































































































Asyt. ae » SS 
ie g.garh ® Ailsigeve F 
hi mi Iatatanes rer 
Ue brag te in Be asshdnaee be 
hs my ay 5% E wiht HE AS : . ' 
wu to 8. aes qin As re. b Sh 
Byte “ne 5 Shak RAS fot De ee . : 
Bide eerily at er 31D ; f "4 
ees nate np ‘ith Aapits Pat La ' ; ; 
& mn 2 enti 5 « , ‘ 
ae "4, aes seed aay i Pease i uy 2: ' 
re, Op Bees ep Nee he BA ote DUO N yore AY ated ho a" p~? , . 
Andy vat Aj sabanos he ASN? ob Rede STA rah Jee Su yeey” a vf 5 Shs 4 4 v ‘ ' es . ' 
ee et a ohefnhra eb patel oy ay Ty er a Ee?’ fs a ed? wb dF otal h  SeK i° _ ee et naa oe ony : 
Ste aA at io Ge oy) tad ot SM Meas ey ed IR, aN a Poet as eee. ie 
ete 109 ABS abt pre Veh e tabi ay yf ae rk a Bes pee Lier ha , ae ve 1% 4a : : a , ee ay ao : 
wh. Ag Lila Sway Ft mote he po Of os ENS A hte : ple ! te ps “fe Wat Me Or on pede ‘ ‘ Ie as th sce ate a aa: -_ . ay 
So Bie sok Mee Bik rd ihs Ym A VLG Pet fee) hy" ed a oh? a vf “6 Se tule *4 we abs $ a” 1 > ty . ie - a - a 13 
whine # icy lg oghrhs Wah! f2U Smet preg of wee OV ey | 8" Vand bee bo of ves aso le : yideg ‘ ernie cE AUt pecan i Sa ' i : ‘ ' ' . “ 
% > Le , ar, # > € ; " : te! . A top ” 8 * = A a) ' , ‘ "4 
agree SSeS et hy lg fy olf Peri BU, Maite Sew ee ee as  ° aeaene | 
i ree te aye nee Sint oe the 2 Ay) i} %, bert ieee Oc RY A a, . 2 eee ALT ANE 3 hz Ph A rire bance ew t . ae ; “ yO ’ i ; 
‘ 4 ay ru tg te + 4 $3 : . wv § 4 ‘. i + o¢ ’ 2 i. gt ; 2 ‘ : * 4 ; 7 
 Soaeena “a eyes: eit d Wye oe eet LPs. he % hate ean ar ¥ =~ » oie aN pS < . a “ t nant 4 & ' ae Pe: : : ; v<¥¢ ’ ' . oe Lae a ¢ 
f My eet & whys ve LPs 2ep bry Lr 1a, . °° eee Yn OM ty a 3 enh eS) om , page CO Soe ee A a) ses ' 7 5 ee 439 ‘: ' : 
: Oe mba! Oe Pr. vehias eet ph ate eel TAY 4 ‘ as tat se yr? ' “ . r ‘ . Spall SAO Les ’ ‘ , af 
Se, ‘+ ete $* wae *¢ thy oh ty Ts ey ie a oth < it, set A a ’ rs ty af ; nee eter les se " os ae “4 + "*s ‘ : ae ; eH “* Z . ire : : . : . ‘ Au 
. 4 oh ~~ iD t& te a rY e' vp ‘ % it he : } > Yn gate & » eh z Se j ue F pare ‘ 
a vA cee + afr ake trate ig thee es Males eet et WD a ki ee Reedy 3 Ee a ee " nee yak Pi ptt or iy mine ore ‘aaa ‘% : e ia Uses ae +> A ° » 0 ' ey ' 
& oN sree. est 3 < Soe Asan’ di Plant 6 9 US" Mog. We LY Cy i eh * fbi “4 arses i te : tye Sinan ia ce os 5! h Seamreret te wa ’ 
cathe ; ah ey h Pt? 5A 3 ite? sid be eon > ep a eg mM tp mY Pat Geer ee ek ji te “ fie S oF A maine of ra ‘ = F ce : F ae . . F ' 
eels Vovewiy me’ Tata Hh wan eed: i) a Ft." gt ee ke bat ae to» veel! & oz a $ 2. a's RY i a » tt % *e Le | ab y : oft : » ¥ . rane Lt Diet hy (8 ; ‘ : : 
7 aye Pe ato Aoi’ % bre! ‘tw fea * hie Lang & 1 ade ? UP $y J } Die fe" ‘ Le io #4 ‘4 vey AS eae ° ‘ { ® “Ne ’ yao: 6 A seer ‘ a ic ' ' ‘ s . 
y! Apeed Auten ¢. ood shyt <e a ik 2 wk Noglod st Ta yet a , ie “vi oi \e Sr , Bey ke eaieae A a wus im oon rT is ens? rie TWLY ere ay ie cfs je ; ‘ 
sa oa ae 4 mt . aivep’ Ayk%e eb¢ ¢ ath’ & ee co eu ae os % ha oh: ft ant ys Bist t 4 4 ' prem oe et . et vou hee j ‘ tee ! nA 6 ; y ' >, : ® 
mY ' fetit ER hat Ang . “49 A pe Sot-s 2 Wr ret H Fa 7 ar ‘tk . w Abe ; ta vhre Peis. 5 83°5 Ape ee / oP by 4 ’ os - : ’ 4 es ; } >! ne . ‘ ; i 
, ahnae * feeds eats fede rk a i ES EG OF * ; 14 f ya re rod IB bho V1 ced ty Ley OH Ag e: atte Paes } Re eae vee 7 = ; 
Roa, Vee wl eke péin Gea Beane ® ee *ytey che te rs Age 1 4 oft ah wplbeS ts ¥ ¢ of aM a3 t Res: 4 Ale Mieuak a, cle et ee Jeet van ? ‘ 
a Ap a Seat OF pien ee . a cae ell “ wey ae * Hel SF ° Baer “t vy Fel 5 sirae bt l t  & a a 5 -t ’ "e°ag' 1 abe el' ceo? U 1% ea ‘ ' . , a . “ ‘ ay ’ : ' : ; 
* Ce AY ~s 4h ei” aes + af ge el a * “py vod oigg fo ¥en s ‘ele ae class ros 3 "+ ac ° ‘ , . 
Apa heette here RK: Loe dase dy we # % ' me? & Se, oii? LR Sr Sa LI 1 Th a og*s F4 “ ‘ u ' ' en or ee ' 
. . a ’ yal . oe a - ie a0 Aan’ Pia 4 ts — 4 ® y ca ' ’ 
‘ saatise godt dian wi Pig — . waste Liisa x pe i AY cae nh ida “f 4 ie tHe pete wes he ‘ PO ae , : aes ta ee” : i 2 : oe oy : a 2 aL ‘ ‘ . 
Abe ifm tebe Soh _ oe ee RA ze" shoo, ated a> wae ¢ j Ty ' Sie tk . ® tps 42 . e ‘ ; Car) ; ‘ : , 
, MPs dae Ses 8 al "et wl eT iY "6 a,” Lt 1% ff I a >. Games we 6° * + eo 5 * 3 ‘ OL F , a 9 bs i tak * 
+ ve, tr AY a ts ta: ekatcowd. 61 7 . nae : ae meee ya te Be Me Spe dott» ss : = e A vay ry ape tg np “4 A , 1 : a 3 ' : ' : f e® se ; ’ ot » ie a 
pa ee ANE Yd bin aos Sage Vou Beak ey A Pit) » fe “ ) ofve ae 5 TG Bate * Wir ta Teer a’ 4 1s vou eS * + tara , ; . Sep ea , 
oy te a sae bf ode dente. 3S ate? v unegece Ron 0! 5 ues : eri a ogee 14 fi wee : ite 4 re se a 6 AA ee ' ge $e see ~ e on oe ‘ a) , ’ A * 
‘_ pide Ph Fire ae Pes Saleh p= Ed Yeuure ewe Rye ret ee itd bas a4 aa vty 4 eps ’ * Ai hf eae w pet >» .¢ eer ela ' : P of }» ° : ‘ » i aa ue } ‘ — : ; ‘ 
NY CR ees, cae PE bo RS iifies We ee ee Relee nce roo ae ee a Gia baie le ful set ae see 6 1 ie : : 
2! Yoo a tere’? @ ae " eters ‘ + A Lt Phat ‘a a , F 5 e 4§ . ea 8 @ : ‘ e . Py on 
feepRths Praia (5 bay Yio’! Yaz Once "4 ¥ AeA ,! : ves ‘ a Ft E “ow hates ae a ; ¢ pings t Bs j eae % at ? ; oe a: ' ty Des J 1 ae ' ; h qi ; i ie : : 
°. 2 H . a A = s seh eo 7 a) # ° ° : 1 + : 8 ° . : 
i's upe ys ie OS ee eg oacds whee fe ~ hol 4 pe ? ‘ ou fy ‘ ae ee i a ovine é a aes Rew AT by A TT be , th a Ne ar | 5 . ¢ ig) 990 ; o: ‘ 1, 
fy AY dane de® yates an" Mevdice be te hs . : er Tay (VAG re Oot Ned Rove Cathe Seats En wet 2 ? f.' elas » 4 ° aa i ‘ . 4 : » 
ron Soe ie Uy fens tye ibe nid Sig8 9 leak ORL wth ete” F¥hce ebay ry as Vt aheds ate West Bolg mtan baa there saa" ft a] east : 7 Ci ices i Soe ee J Ys ee 4 Pa hea ee Sree o-fe 
She Rate ih Ge toe PY dais ay eae \ ale py Se & ar A rir HVIK Vee orl ne st Sark ' aN ef ate . 2 oy SU ee yt . y A ss z 4 ‘ ® ° ' : ® 
Sarecnn oe. hoe zt pepeter es rhit ob? oo A 14 Fes AT ain ck ts ne Tarvar 4 sin fy pb dant pre . Tia BUCO Pe ee eer ae atten : : re 
Seipee Roo aah Cary ta aS a Ft : | ae a 
rpc [erry if Vek GM re PP 2 Vy, te 'dy t . ‘ » " « 
"1 °P meg Pe Cl Pek ny asp Val rss » ward 6 ee" My hes ite of obi fue Be ye N : . bo Sy Aa ? 
oe Sei t ged om oo as = i Ps A “ ne o @ F a 
o* ot pa Pee: Leena te seta t Ps PL. pie, Plt be tau? aaf x, ' ' d Rt 2 _ + ; , 
SESE I phe idw\s arts A Cece Ow SO a AT ean wo geteghd — churt® : ' ere owe 
han: 3! sine ad oon. ony Ath Hi ote 1 oth fife once hii \e ‘hy Bi, we OF he | gt Se atte d . if - : Oe ‘ b 
fae" “A ee Bega, e.> ta hy aod > p aha.t oe eae iba Akg ae ea sere 1 ie A C ' Septet ae nig RE 2 Me 4 
cw $ Paige He he 09 AGW Saud tae Be Fat thy Baty Aas de UM eiet BL fed arte i ' vi : 
“ * : stuee, al } ties ‘ ‘we pr 1 6 pet 46 Bat oedtlh wre ef fw ath 42 ved eed B te eo % ROO : f t 
fy oe Paricantr Mery Ls 0 POV AThe Ceybuet 4? og Nb ad. } : (od 31 et gt if : ‘4 oie o bee ® 
sso iad Beste} bed. ff» Bi aeasaai2s” rr 
Pree yi 7 ‘h, : Pg semQerteté ind Sad Jertyath "8 etsit 24 ai ie aT re ' ae i 
ec ' pinehd ects "44 ves al Biity Ty MS sin 103 te * Syleag ioe PTR Raa 13 aj } Jf 
ea ‘ ; ‘ bes oktes’ at Ree ee esc H 
is 13a mate 5 bao pre i be oars 33° my ant ure a,  scaneettes : Rteeiue on} oe ae R ; > ena 
a eee ab./ ahhidipet Le AN Ah see Wn Bde mane rte? Fahy tiacies feng vey : ; ‘ 
. » e¢ #>¢ bafe?’ Bl ee a re | Mor ee pes "Sh Li A 
err Hae YS ' bee) ott: = ed une ate 4 s sa ated tele Wee é wat ne : a ie Ades is * ‘ er of : ‘ i a Pt yg 
Toad An &* 2 bw ea phi ebb a ae “a fs gs t ' ye oP em t tap & ® . - . . 
wiha gh oe beta i’ ae PP 2, ban « nists vb Saat oe ob te? AT hs Sa ee) 3 ro ' : 
r mews & 4. o"Pastse Qi Dbewt? Tp ts oiain te be ¢ e 5 ngs ; 
f ee Big) sy ee intcn@ s vhs ons 4 et a hes " 8 ae Ry 1 a ¢ if Looker ytte. Md 1! . ‘ , a) Ue | 
oeree Yagte BAD Lied Hee Pr Se ee Yb See NC SSH il cil take Bete de ers Ces e? ag ve -" ' : 
Avs sisnet j ae rye Lene Set sau! ee ts Se f pee oe Or rk Biofe ALVA? Lott ary y = a rc" 4 ae RC en o ea i 
ae FPF ite b .t qhwro's # : a i pes ete? 2 aX : F Se eG . 2 : 5 F 
ay raat Nie ype pane ts pet eee nap ote wt vi bo arty or pre ee a oe ey Ain creda tens oe Dene Ra cence Demers a) - 
z tlt Fark? vad PP sy Fa Bs} chee? AP sig he wh Ope 8 34 2S Te 5. 5 i 4% ees hie a uit JO AUPE! BO : fe abe Ae U x 1 ¢ A ; ti ‘ : ria : 
P.fog bx PRS piers) Sales Dede ee ht toe Mths Me S Syeuy ey? o 6: he ae Peg) Perm a, ERE) F] r . eee ones a e F ee . 
ane Fag atN ak Scoga eta fee drete® CU * R frp t t ite Nw aie ? tgs ia Het Et tes é La ? i oer ay LU : » » ' e 
ee ak da Maegat Seb ; X46 pea sta" Pediat fe BY te us ry CaS i! ae ' ' ee ‘ be eer oe » fee Cha? ¢ s , pe aay Y ’ ‘ 
: Be od ease uth + Braves 3 mt) og! Or > y of Ae ' ' 5 Cu Sy. he at > ints rp aan 
PAS Sie he Geet af 2 ei Be art ad welt! Vdd ‘ @ y*- a> 2 Oge se ’ Lire ’ 16 
an e ih a's i ae, of ot ° 5 p&p, . ‘ 1 f ‘¢ ry ee t*. ‘ : ri 
precgae Ette Rl eg! Toe FA i 4 bi ‘ol A I es aes ep vo fee ’ i = ar . 
7 nie Sel Sg fete aT Fhe Serta ng ners x <6» © e : er a ' : 
bee’ + xt De e pleheeah f Pee sehen + of t% Fi are Fb eS ‘ cng * » Rs » ‘te 4 
ses id data el ¥ 1g Behe ad oe atthe b hee ff ; ‘ a i ot ves ’ ' aes f . P < ae 
ae wif as Carer ee sar aue aa oY F ke a oe 380 us Nistay ; “ae FO ee ee wee | ee a pete? ‘ a ’ ‘ 
' gee mal ah 5280" Be aig Hi gee Bde dbus? ae Mai yA} or i , Pe ee Sar aa re a pesca otf » ei . ' . a os 
te ot: ead ye’ oe eth eh ae yeh AME ute “aj? iy } ‘ a ye ‘ye sate “ oF Foe oe Fh oe ie t to4 ter ¢ eer mois d % . ae ny Rarer ‘ ‘ 
‘ ot Lele > A ' 5 Sree e chp noe i] é = ¢ = 
Bite. Pere b hares | bd RA, a te ny whine a Be ih i Fis i . apd a’ ree } . iy Nae “ae = A we ° so, ‘ *? Pda Shae) 4 » ' Ad Se 
aah anni, hy 6 Reb ed BBs hate Aba arate ty Maat BANS ea 8 ; oe - ~ 1s of “a ‘ In rear i! ‘ apr et Pa 1 =7h 6 hs 4 . Pn ‘ 
bLRwbe Ze he mitt fay 0 ee item tved Arar #& of SOR 2 ’ eae vophthe. gh ok at . sl dr agen oF . wie ge a) Bike ae mae 
4 EN, ns a SZ At we! Pech $o° ie p ‘ ee aes ee aT ote "de! 7D LY in -” Ch of ! é e PFe ote 2f> wt eV EE nee . » e@ ’ Lt Ms a) 
ay be Sig tate ed) Byrd e He Gt of 3 ste™shid 2 bess sh bade Fret *, do _ wf 1 ote € ot ‘See ¢ é a ' fé ra ane : : AO noe Of Me = Ra ae 4 ‘ . oe . , 2 
> i s no ae 142% 2 3 mt . s je abe Is 3 a,e'te . « e 
Ah CU en Sie oa de tere f ON te) a es ek Bee dante ad en, age ates So iris ec ae ime he a : ae 
beet i fe ote aMift « ure ite TS eo, 0 re det f a he Saree A a) Pe ’ id Sls 4 ° vee Ms oh U : 
he ie DB aca Wythe ale bax Mikinad od A «plant ¥ Me Rr ferole hoaee eal Tt ng . ; ‘ %) ron ‘ ; . ae Air F 
+ = . 4 . Le, ‘. J By" 4 VPRO M4 i . e e ry 1 a — 7 ’ ft ‘ Ae F rier . 
any duh wan get Pe ge few. c wey Ss rere pte we % c Cueto te a ee use pene Fi eet ae ¥ aft the? bt. i oMe ee ae Sete Y ‘ee “! om ’ : A ‘ rece a oe a i a 
obs re Nt ee s Kits! iS SAC asd ay x o Ta. me i Sig on eS ee 44) : cap Tye lk nea r i ee geek ha hic omy n't - os te ’ : » 8 : oc ' Chey >! 
ye" 4 Pe 5s eee prtet Age 4 ieg> oe due bh "4 Ed : ‘ en ie ' Cn 6 ai P Ss a m oe ‘ - pdene 5 ; car . 
a re Deh ek toes PATH THYESRV as oe Me ode EFh oe Sepetes Arty yeSe the ak : gt oy Ot hb rors e rp emta e ie? ‘ paseves ea as Srtecee cre mibsaiten ate a acest — ea ee a sores ‘ 
SAY be rere, ay 7 Te tey Ast ard wise ls we oP dy pists 7 Yad “bs” eee Py ed | hig te : ny aiemensinestiels Lanter c's weg tpn’ rt Pe oder « , oe een A c er rer 
- AE ON eo AAW forth ee any tof % UN nt eb bo* 2" shane $ at "eo Mote be 7 Gr tsae > oe "eet ® 1 ne se! a ee . 4 ‘ . Cee | 
‘ Js q of ¥ A 4 7 f oc © 6 te ° > b | " 
OST eT Lee PTS ORE oo Ra TO + Felt PLAN ‘ ne Ha able ‘ nei ok e hd Dies ess sé! . eat . Oe : Je OS. es 3 i oF : He ‘ ‘ oot oft 
r aa ME : sg" , ‘ see ‘ * ry 
"her a'y ' 





a) . 

: 4 aonph gh! 

sf rayinas Al ayes ise PaaS DEY 
" cpr! Lhe bhed i ha b* ¢ BPE, bag 
a He Pah “¥ Mba ikieeed 
BE 1 ster? porwr catet fie u Shi 
PHP od SWEEP MONG. uM a) 

% gket hey Do Von e whee ne yes wd! abe 
Oa errgay UES), bhe¥ ine oA ohh. 





Ser 
ule S phe th tiles 
he he 5 i 


so 
aed 
<7 
















Neri, = She Dds Penh e anes letie  ° 
Apath & bee. ie ee fle te Mus 
» ficatess cere “¥n ke shale e 8, @ % 
Le SADE PE Lt Le ae om ssatey? 0h 
Rife eo 69. ie eh bie ae te S ii ge eas 
UB Cat eee ws? Letet ihe 
peat euetyp hed nes 


, sale frag. se ts e@ % dng 2° 

















re | fet 
' 82h 4tRh of ! ee 

5 Ld + ry + ae sates thSy +4 he are f t 

& o wx way ohh "Be 7 pe “ap © Sate sive 2 te € . 

eH : 4 “ERs Linea 3, es Vb x et ee hie 
2 Vie 1X? FR mao atk Be Tae see pee ratae ee Pret y as 
Pray 4h deeming’ gh. ved! Geaes ‘ ‘Un he otebe* 6 t att : aoe 

» pees dyekh Ys SY diate ¥ tery” 
‘ 


af rh betes, 845 8 vhAT 


‘ads 
Es gh eaydd aye? Vote a, 
N° §2 


































































F; ay if bse RYpeghee’? st RT chy _ : 
A « Se gatte® sr af SiR vary" seek; ° i poster stance 
ma vie ae Aisles rié ot math yheat rs one oy . hin PRS Ps SF harhye: WV shioeyt, ; 
4% sha ~ fie! ee La "J's av We rae oe "> che opty acess : 1 
ty Aa Pace « Bs yius + YL ee | > * % hi ms yorere ts 4a #% ce? ay: 
aE a Et aah Poet RSE RIET UAT? dat / Op Sud’ Ys eal ss Unsere SS ' ! 
Te uyseyt & 22.939%%. aver fe 2% 6 34.3 eres wh eC. ele . aria : 

x ae Paul at ENO Rs ~ phos a a ust sh fe ‘ cue , taco aan nora 

ey Ye an the enhy F aT ew ah % ay ns t % Ay ‘ . i Son . . ; er eo. 
iweha dof k let wg Bowls vee 5! deity aSey" etl H a t om ieee ote ; ene ee ; ‘ " ° ‘ 

heat is rats : . ot Nodses & rar ) ’ ee " o's rat Abeba eg! aos z 5 gee aimee E ye ee Sern ; . ee ee 

ar 4 oS vere © $odu be tee evi se Aad bi ‘> Ti ey ote’ Le od ei! ji oat > ‘ et = 5 * 1st : nae * ee é 16 : Lge , 
4 tte ‘i. 14 f as tee Seeels <7y 8 4.5 7H PUbee seh. tehstt hee Ha bg 5 : Bole %yeree, te! 11 ee Ah ed oe . ot . ae a 
avn Ta HA oe ieee H ‘A ; Ph id pootag? ‘=? Pr te ‘ : nish : 10: x ‘ age. ah "ot tect °° pe He ig ’ Re ‘ ove eae j ‘ cy 
4 ts 4 Laer . oy 4 by Dh ede o' se bs * i x ee ' » R o} 2 ‘ . 
4% gq mehte nyc h Sure wale pees epee Hi 1 hes ‘P ’ ae - oe% Te ree . oe ‘x = @ a ae ‘ eo: ‘ ‘48 ° Aa 
a 4 ‘ . H, o ae. . ut '. ' ° ate : 
cuit Seas heat eae FES itso be SCAN ECS aon a ee ee eR Ce ct. eee ee a 
Py uae J 2 » “oe = a ‘ e % 1", ' ° - 

Made bete Wereeteseryy :: iso re Aare Sean , on : amr : te, oe ‘shige! ' amuse He re Beeodeet 1 Gots 08 id ' aye? rte tan ; oe wees ; eer 

72, SE SPAREN RRM shes sh RNG a i Uk iach ing Ee es is oa suerte?" HOME eos ae Mares omnis 

oa ry) SM Tet angi oss My. Led ae° sbseyre fp SZ tee st ‘ se 4h fee se H a ai Ap br . : . Ny Ibe 8 : Le | se 8 se ne ae , «.' oF 

ve Mi = ot ay a " . ’ ai ¥ - . : i . 

ek catty ene tar en Ye Re katy se ac ! Poe tte, ae oe tree's CT ae eee os 

n Ne id Sade ie Yours h 2s" ei ey ee ea : ° ended . _. 8 0 ; “A » "e? ‘ ' Ma pie Pigtce : " : . 

Pari}. af wees a vols." Ay af? ae ark RQ eoorEy ‘ fan *s \ ‘ ths r a ee . Smee sige bel Pee te oe . 4 ' ' gure tanec toy Sain ae Senne Ha oa y ‘ us so 

Ee Wat 8) LY Do aS x, 4 »S tetas pupegey cs WOh ghee oy Af tn vecines gh te a f a a , ae ee one : i Gert o- Saget ; saeee Be ee ee a Pa ae ‘ A ; 

Ve ' cars We) A our fs tee s ere arate bs ete 7 h “sy ' e 4 ain te : ort % ote ra F a ET APs . t« bd » 
5 ih fi 9 #Y eh ans tae USS  ° Pb weet ten ’ of at sek ta rte a 8 het, te ' ae . ake at ' verter ne be oe Pe 5 ee yen e 1 ’ : Res te ; » eae | oe ‘; : 
“ey Pr .oy : 1 LA oH : ed zut rae ae 1 ’ . ° ee “4 : : 1 ee 8 ’ . 5 

a an AT Cee setwyt fetaety, i ebeguri! pe ah av eat oh fh, iat rou ast 1, ne Ota Boe teh Dh 2 ' eee itive ” See) 8 Ce aie pee eech Char . oot 4 P : 
Ravin > serzr eas baie dy Pepe BI Lhe be Bp aa bed ty ot cients Ay ee, ate wa et ts iscte sau wee Beste oP 2". Sean ; ' ‘ ’ | ae 

7% yin! Piscebs ay Ast dois ?® . Se %etsnite oF AP oe hike fade : Aloe here vol dy ' om a Pre eros: A s phate Sh Oeg ectiee legen s fest - a ee Sepa 

yn ri, “on ; ‘2 “ap Blt sh eye thee operate TSP ie Fe DETENI® oty Ih i . ae 1 aa gl fhe, tl, ey co aa ae apie ats ; Lo - on A ae: Sgt em on) he eer : é eaty -_ . 

! Page Desert a etee wy ta Oe apa ne A peer Nate ple wet Ase, i 3 i ; As Liar hee . ' sever ian aes rc . ‘ a os ee | cS wong) se it ¢ ¢ pee” to Fe 80 fe : . aes ‘a ' * 
FF ikea rs w Phas 4 P8, Ot Deg pt ' af seh Ch t'e peek, Gots Fy SP bes! cs 4 +t set ‘ vss i fra ° ae tae % aye Regan etun’ . eat hd ’ au pese Br a8 . Ate Une 4 . 8 1 # eee ; 
EERIE WADE BS ag Heo ee mrt Vc ter Regs o, NOSEN Map Sette sige ohh Teale site acer acre sae ee ay 

Fate ry ose Se! So.b we 4 9 Lf ra wtett eNet eh ciety ae ENP set.e AN 7 : f Fem te Dn aya a ‘ ‘ mite 4 6 5 : rs ‘ Sep oes _° ae oe ! 

AM, ae amd ee eu =» ts Om. % Waggt oA. heist far » Ai ae fe § 8 Hi Par A te ACA ee | . ; ' Po 

ry ereare-a lt vif Ae ely sre we Borst ys\ ooh ares al let eee woe Hie pecpeenett e fates Me's Z y ms eae d 4 Meena BS $4 % u eae of ‘ : » mse os *e te a * i! rats ’ oa . ; i ' Fe 

ie ervey i >," “ge ert: LAP Lyte) y ay 5 vf Sumer) fe.% eve oe rs ie ‘, ae mee ‘yes re ding hata tio ng alate oops ety oo wt " . s 1 aoe r 3 ¢ P ae Basie f ee ee 1, 

*Ti¥ SAUER +h} a3 } e abe y ‘5 tear thy eta eh fe han ae , 1 bPy tee? s,! tet, 74 fs er Pre we toe cdisi$a: reese es se Le ar ‘ » a evn o ‘ ay ¥ e . ‘ : "6 . oo. 

‘4 pipiens eae ? 3 Sys ert Hees bel Meee gamete ths bs Bre’ ee vad 4 as ' ot eft) ah sebyho waNanene® avai a crear Petr pret Vis; icnoee: . : 1 1? ae . Vieng ai P 
“Wel cae vege ? os it Pra wpe pte Hzh 2 ato he" & Crh ty ty by bo! 1 "the . ated, egg Ps . . AU ete . ' 1 1! 7 ‘ 

ore ot 3, pyar veel e:, ‘Ww 40 if 4 toe 1: Ss + p ere Up ‘ e ogre 1 bs ce ute ee s een ge : ’ 

- A +7 ae “ 5: 4 we" fx 1 ° . e 4: { en a) ee | Gs 8 . te i oe d F - . 7. 1 z 
Bax iy afte h a ote PEt hs tal “aj oteetyy o Ve f % ’ : 4 ry | Vote gt .\ Hs fg , ts ge Veh Poraie ae Je ony . ¢ * pos =n ttgee ese Ve. s ei ‘ie re : ai a i ' 

ao on Bg Ste bas Sis gee i viet ayy aX. ple caked mea tole ote Mee a Deore Lares Ifo ate ae wer Bi Soe eee : ann eae ee Se ee hieGhat . ae —. 

¢ ge Vabeo as : faa” Boe o Ailton = : ' . ¢ ae we pte ot 
i \ rf evry siaeibe eee oy, b ' Se eis fe ane is ate ’ ea cas feeds a 1 Oe sneer 3 Set iG +e , ° ac ° , ares ‘, ae in TAL : : : 
: Aa " . of, A eo4 a at > aaah » > ' ’ . 

' ME ore ¥ wa a pitegs i ek Se. 9 are yy ay eM Bi ns vet be : ta pie Meh," 0! n' fa ou, tee ah ‘ o'g Po Oe en eae + ot eee ae et as i 

ey ahah reve *® ih ge oh vik aFfnse ih ty ¢ oss ae * “aS %° jan > yt \ . a . *e deel 2 > »* , s Toes fe "6 ' : , "a wt . 

‘ Ye yyy oe, % nk howe ey iyc° ok me ole Alf ¥ a ae | yen Wee St n Wy " Ml : neler ree Aap 2 ve OMe oh aga : e8 . SOL Piety aA : Det en art * ; : we 

by “be: piousp My io Pe soy Pet ob, reat EE fe ; w Mi sary Vru le Vets Be zt ; 7 ans . at rege anak by ohare sh f : : ‘ ’ ; ee iege : ) ..f we 

Paice He : a <4 : melee hwo. © vod, : or a: 5 fee : . Sey see ae : ‘ Mi sia spel Lal ; os j 7. a 

rea Wen rer) ; ie 3 ee _ . eee c 

; what) 5 mt v, beat mitts seyitie ‘ Pree hed zy vapeet AD ' A es er Lt) ae rf 7 , . 
ba ™ ” Z a @ ot, uses UGE Mate x abs : 5 Bier . "i ae : 

ml oe Sekt, iy ies plage Me aE ae e te ie « * p ots om tt . ’ i f oe o? ; . ‘ 
Hanon tars. is as oe; qugt S°*7% 40 ia" ee Pa Es a ° r . iy , : 

Fore s.K)S Fn ah 3, piseere 33 re *, wis: ry. igia.e Pees ar Pa ne ©" ret 4j* ¥ ar ' t =e : / un ne te 

phd ¢ ee treet “eft y3 & fee TRE GLEE OP: ve baw oer » “ % : - A A ee ; 7 

yinee See ‘ins ae" abe Je! ite oureirk 1H 4 ao cowie bye Wis OSL wt : © 2 ‘ ; : Vous ‘ 

yy yeowlhy acy, Ui ited ie i. Cruse dott et hey” 5 gent,. ve ae are ae "s 4 - ° ‘ : : t » ; 

KEP mole ote ys Hee besly Fe shagitd’ 0 eR Reaaty f rie tarts age ee ee Sa . ane ae : 
We? us BA. vr. Mae a te + i) mee ese, sebet Sle obtyie 33 ‘ Of Ty : ‘ . 
4} K be Gp y "7; PLY» ER 4a ta eee gir mS US ke , o! z ' : ' ' ‘ 3 is 

y rye sre a RRs: ey Gi a & ‘tints, ¥° tte sl pedeh 6,9 as . oa ’ ' : : ° ore "4 ‘ ‘8 ; ° 

4 irae taty4 wy yipinaeng RPE *9.4*h2 Ww, be ,& y vs 4 tate ed at ie : rley Ace ) eect ee eee : " 
air ob wa 33 ints ob 2 7 Etre Ay dap * pth af abe pds cet Ob UE hy a ae eye ee : 3 : ' 
pan vies ’; - Hee 5 est. te : ‘A Le ©. Oy Wt “ve ? - ri oo% La ana ap! 3.2, f : . 3! fr fen re Py z ’ ‘ e , a 
+ bE Rage Pay “4 vi af ieayes ee - ad I LN t oe y eek a eee rg ke i Lary y ae 43 mie gene nh Sees s $ oe a ‘ ' er : i 
”: Wy “av wu) 4 bear rete “ghey fie! : , we yee 7* LF gen tee oa F 4 * ‘ Gres" he 4 apes write eee ae Le ' 6 tp . pte 7 : e° ; 1 ‘ ‘ 
ze Fie yay wigig ¥ y9ee ef rd venet. ae dapae ‘a “ RA SEE he te Aas Th na a's ome Pee eae ier ee grate 
y . Ae ‘ck 2 J ° er " "me egy i ' act nr : ° : A ' 
py ys 3 OE Wea, 3, ie a 43 vie on ai cl he f 2 tee Sos rue f oS Ge es °3 s ah 4 Ubi» ra) oF yet parker “7 eget bar i “ao os jen : a ‘ er" 8 : : ie ’ { ' 1 . ° 
yore ye wat peers ae. i ae tay Soke 9 Phe, es onet ha tm Sas a «” ° {See FM sage 7 } see ip Ee fe 4 a rf ar : Re en te eer : : Daa ce : 

Af = eal ay aye ae i$ ny Wie LIN h MW 1° feeb & toh 4 ¢ in, efites focus tat one, janie ¥ To ee Oe | areeetyy h os ‘are a ‘ vee ! 

‘ <b Al parte : a * Ty? nme foyer Ai ofn AU, my om Wy he th ahege ; : i“, | pole e ty pv P peetet nies e? i. 5 s ae + . 

A aie a Fes Bah ais a {aonb 2: ov er vee SA. oe hk addy of % 3 cyte a yt a?e vy 2 oVen Yon i8 A ; o a8 Hart 4 ae ° , — . 

Vid oF vu %. ‘ > 5 eres oo . ees s%ee etc! é 7 ; : ev : i 4 ri AO : 
da haat eH OTS i iv epg nop Ar pet ¥ c Ris Gir en »,* Sor b ayaa oP ie A Ady a aT) Fe Dees coe ; ryt bn aan i 1 ‘ ai : ; ’ 
flan Vek Wy y Ye Were ihe Ce I AS Da .% ei 3 yf wm, ob vis ~~. pre tat Vid Pil ee ee Jer Yyied ‘ ’ . om ott 5 8 r a7 a a ' : ; : a 
4 te wr yen 2b) a fury we shane rik Fry rn ‘ i. 7 SJect 2 * ad Net ies ty ce a neti "hg gy iviet ost eee an Jt Be p fi , ee £ r ” ’ ' 
“fy! e 4 ay Ve" % ew na ‘ try ' tt ee ie 4 yf ive j Leet |! ~ a se? rat er oy 5 ste ’ . 7 
payee ‘ Cpe Lae : Peers ae ~4 “ Byes ¢ ts eae 4 etl oe ¥ ; ase qo 1qes¥ ri oN nt shi we e ‘eure. ‘ Cee s i. ° P ‘ F A : ; 
be de Ra ad 9 x, ana lente bee i 4 Poe” ‘ ” Ls ve «t . 1? fear *f. @. % I ’ Serannsels : ¢ one ; ° . : } 
abt aia Bet A al V yh Yee ‘ a \ i ee ~ 1)¥0 } & i pV Ads: '. ¢ ‘ yes #.' ro ikyt oupve th esol Bs | ‘ Be va pee sie bh ’ ' te ante oe ae ze es : a ' 
ra shegre EY) Sf ive Belen a 4a ¢ Rr Op Neemeaey t a rT) a Liat be 4 Ai 1" » 2 Pee oe "oa a rg ed ear, ’ Sate coon wk ’ ‘ am * : 
al rT) oo vty 4 d 5) vie § a,°. "te ie ® se Ny ort ‘ . , ry ra “4, tr Ps . A i a at o. ' ; ‘ 
Net ne ; NE ak ele abe U ve *  aaags§ i ee ‘ a =~ om ° ’ f pest PU e ate fete “4 phy .! i, ues ae ; J : | ! ean _ : . x 
. Ir, ne # ry Yah ore Aa A poen1k ' si 1 sgGrdsn ot 4 oo Lie?) Mere Cisne re Se as ee = | ° : : ‘ te . 
oa “97 panty ty C sas * “vy tg8" 4] ng xe TE ‘Sa : hin : ‘35 2? - “f my atyy > he ‘ ifs <a ght a ‘ . ‘t. wtf van Oe Per a oe a a "is : on ‘. o ; rie : , . , 1. 
4 ‘ Potted ae BS » ty 1 . Bee Jig, Phd + wet. © 8 oe cae ‘ acs? \ id e 11 ° 4 

ve yrs Kee vy aot LO Aly eh? a by ¥ TiC oe Veet tisiree. fue! re Wr a We A Oh PUT og. dole pape tLe : Aid hd Vases epee ae ee " : Par : ; 

f iat hd , : “es h/ ¥ iv rages Benge the. we “4 ety ple oye “% ee yt nea ria . 4, ae “ ty j rgd 8g he! PO. ey le 4 a ‘tet ch tet Rom ? 5 . : *e »  F 
Wee Vy, 1 va* ps ‘* Thee -. i i fe 7 re ° on! ve * yee ube ° ; ' aes ’ . ere at reatety ’ a piare s - 
; 3 ; ons tif ; v8 “ . 1¢ %e a Y ' . i 

f "k be dehy (ant ae if J eee tele ext b as Peet A% : My ee iae : : shan 

1 say heey sep vr 6.4 win, ro Mer ea " a OF ; ele. oe 6 eat ' , 8 ’ 
ree: tee vphive > 9 ky ye heh woh ttl ue ‘4% ais At a t-° : . wei, ; . ; 

Me Mes At & Mel ye rete tiga A ey fn, yr + earey a i 4 a uP ‘ Uy ce ee Satan’:  * ef ao sean ° ¢ ' ‘ 1; : ’ as au ca ® vi "head 
wor} = be mS aM ee nid cecoraie: hile Pe, ae sa7 me a wee Re ’ 41> : is +5 ty otf aie ; at ‘ ! A ft : 6 e 1 

ff pA Pig ‘ F pepe: ¢ av tee . | ' ¢ ’ rd te " UJ ' 7 : 

Fig pons i ait ts" a rah go tte, Fw ue. oft } aera ae Rah ° f 3 ae ae 7% ° . , : : Seis F : ‘ 

yess ve : rth Me SLE Fee fe dhe o¥er, ,ta 4 ate agar aa PES Tigkeln) Ka eke Nae, 8 Te : ; ; 

ew wryad or a34) ¥ Va? 2p fT 6 tp oho? ee 5 : A as roe a a a F - + 

nf om © EVN «, Fobnereey’ sweaty fe este 1° 4 E.eeee! ‘ wei” (Pe i ra i ao ie bay e Tait ‘ ’ ;: ne > ‘ ay ¢ , : 4% : : ; 
rhea oh) Thee ° ume Per Pry Og : ‘ bie ' a via ° : ’ ° ; . . 

a levee we fa 2 eas ean ae x A att ee ae | ae yf e rte , One i t 4 , -d . fo. : ° 

foray npts ot hy Ha a ste 1a, Gs ow Y b.d. ey otees ee i ft or fae ‘ 6 sisane : , 

p try & sc Ad yt ae ign d Y ° F: , 0€ 8,3 3 5 ws s rh o PDe eo ght Ay ee . , fe _ Aes ae ; ; 

ae es Nat | wet ones at eb es ® ‘ ‘, oyeteS eh ‘ ° Peri ° $ 6 te ; #98 ' 

mpusareere, wee ee ie AY, OBR RA a , om eet, lo lo Rae gee ; . . , 

tes Mk ole a wr ed x Le t teh& » 7 RLV ° STACY er ra ere > oe AL : e ; 
i & ae of veer L 7 Ve 1 ae | "fy . : chy Gee A Be EK ° fom at ‘ be ' ° oe 
*r¢ LI o* f + . nd ‘ s a 1 -° 
oh Pegs. 0 ae Uh a : h es: , . Lf eg r ° . re ", ' / 
; t © ea 8 ‘ : ‘ ‘ . 
bs e ’ 1 
' ‘ 


